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LEGAL NOTICE

~ This report was prepared as an 2 count
of Government sponsored work. Neither the
United States, nor the Commission, nor any
person acting on behalf of the Commission:

_—

A. Makes any warranty or representa-
tion, express or implied, with respect to the
accuracy, completeness, or usefulness of the
information contained in this report, or that
the use of any information, apparatus, meth-
od, or process disclosed in this report may
not infringe privately owned rights; or

B. Assumes any liabilities with respect
to the use of, or for damages resulting from
the use of any information, apparatus, meth-
od, or process disclosed in this report.

R

g As used in the above, “person acting on
! behalf of the Commission” includes any em-
§ Pployee or contractor of the Commission to
E‘l the extent that such employee or contractor
i prepares, handles or distributes, or provides
P access to, any information pursuant to his
“ employment or contract with the Commis-
sion.
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Ox Manm 1, 1954, an experimental thermo-
nuclear device was exploded at the ", 8. Atomic
Energy Commission's FEniwetok Proving
(irounds in the Marshall Isiands. rollowing
the detonation, unexpected changes in the wind
structure depoeited radicactive materials on
inhabited atolls and on ships of Jcint Task
Force #7, which was conducting the testa.
Radiation surveys of the areas revealed injuri-
ous radiation levels; therefore, evacuation was
ordered, and was carried out as quickly as poe-
sible with the facilities available to the Task
Force.

Although the calculated accumulated doses to
the exposed human beings were believed to be
well below levels that would produce serious
injury or any mortality, the (‘'ommander of the
Task Force requested the Department of De-
fense and the U". S. Atomic Energy Commis-
sion to organize a medical team tu provide the
best possible care of the expused persons and to
make a medical study of the exposures.

Responsibility for organization of the medi-
cal team was shared by the Armed Forces Spe-
cial Weapons Project, Department of Defense,
and the Division of Biology and Medicine, U. S.
Atontic  Energy (ommission. Experienced
professional and technical personnel were im-
inedintely nvailable from the Naval Medical Re-
search Institute and the U. S, Naval Radiologi-
cal Defense Laboratory. Since speed was es-
sential in the orgunization and transport of the
medical team to the mid-Pacitic area. the as-
sistance of the Medical Department of the Navy
wus requested. and was promptly received from
the Surgeon (Feneral.

A team was organized fron, personnel of the
two Navy laboratories and representatives of the
AEC Division of Biology and Medicine and the
Armed Forces Special Weapons Project.  The
team was air lifted to the Marshall Ioands,
arriving on the eighth day after the explosion.

Interim care and study had been capably
handled by the small medical depsrtment of the
U. S. Naval Station, Kwajalein, Marshall Is-
lands The commander of the maval station had
arranged living facilities for the exposed Mar-
shallese, and installed laborstory and clinical
facilities as requested immediately upon arrival
of the medical team.

~ Full cooperation and support from all agen-
cies in the field enabled the medical team to
operate at maximum efficiency, so that the de-
gree of radiation injury could be assessed
quickly, and sppropriate care and study of the
injured could be instituted without delay. All
of the cxposed individuals have recovered from
the immediate effects without serious sequelae.
Nevertheless it is planned to evaluate the
medical and genetic status of the group at ap-
propriate intervals with a view to learning
what if any of the known late effects of radia-
tion exposure may be observed. Obviously and
indeed fortunately the number of persons re-
ceiving 75 roentgens exposure and greater is
too small to muke it possible to determine with
any degree of accuracy the effect on life apan.

In addition to providing medical care for
these persons, the teain accumulated a large
body of scientific observations on radiation in-
jury in human beings. The initial data have
been supplemented by field resurveys 6, snd M
months after the originai investigation.

The results of this work are summarized in
the present volume. The data which were ob-
tained substantially increase the fundamental
knowledge of radiation injury and the medical
capability of caring for persons exposed to
large doses of radiation.

Cuarres [ Dusuas, M. D, Director,
Division of Biology and Medicine,
U. S Atomie Energy Commission,
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Prejace and Acknowledgments

Tue Unoerraxing of the care and study of the
human beings accidentally exposed to fallout
radiation following the March 1, 1954, nuclear
test detonation in the Pacific represented the
first instance in which study of & large group
of irradiated human beings was possible soon
after exposure. Although the physical esti-
mates of dowe received by the individuals ex-
pored to fallout radiation were thought to be
sublethal, precise knowledge of the relative
sensitivity of human beings to penetrating ion-
izing radiation was lacking. Accordingly, in
addition to the initial medical team, provisions
were made for s second echelon of specialized
personnel in case they were needed. A pre-
ventative medicine unit of the Commander-in-
Chief, Pacific fleet, was alerted for possible bac-
teriological studies: blood bank personnel, and
additional clinicians and nurses were notified
in case conditions justified their services in the
Kwajalein area. Rear Admiral Bartholomew
Hogan, MC, USN, Pacific Fleet Medical Offi-
cer,* promised full support of xll the medical
facilities of the Pacitic Fleet were they deemed
necessary. With the preceeding planning it
was felt that any medical problem, regardless
of the severity, could be promptly and ade-
yuately handled in the iield.

The personnel for the team were obtained
within the continental limits of the U nited
States from the Nuval Medical Research In-
stitute and the United States Naval Radiologi-
cal Defense Laboratory. From the former, four
medicnl officers, F. P. Cronkite, R. A. Conard,
N. R. Shuiman, and R. 8. Farr were obtained.
Two Medical Service Corps officers, W. H.
Chapman and Robert Sharp, were also ob-
tained from the vame institution. In addition,
six enlisted men, ('. R. Sipe, HMC, USN: P.
K. Schork, HMC, USN ¢ P AL Strome, HMC,
USN: WO Clutter, HM, 1 ('; R. E. Hansell,

*Now Nurgeon General, U 8 Navy.

iy

HM 1. C: and J. S. Hamby, HM, 2, C were
provided. From the United States Naval Ra-
diological Defense [aboratory, one civilian
physician, Doctor V. P. Bond: one medicsl
pervice corps officer, 4. Com. L. J. Smith; and
four enlisted men, W. H. Gibbs, HMC, USN;
J. C. Hendrie, HM, 1/C: W. S. Argonza, HM,
2,C'; and J. Flannagan, HM, were supplied.
The Division of Biology and Medicine, Atomic
Energy Commission, sent two civilian physi-
cians, Dr. (. I. Dunham then Chief of the
Medical Branch and Dr. G. V. LeRoy, Con-
sultant and Special Representative of the Di-
rector of the Division. The Armed Forces Spe-
cinl Weapons Project supplied one Army medi-
cal officer, [ 4. Col. L. E. Browning, MC, USA.
All personnel were experienced in the study
of radiation injury.

The preliminary studies performed by the
Medical Department of the Naval Station at
Kwajalein were under the direction of Com-
mander W. S. Hall, MC, USN, the station
medical officer and his small statff who are to
be commended for an excellent job.

["pon arrival of the medical team, it became
quite evident that, because of the large numbers
of radiation casualties and the huge amount of
work involved in collecting data, that primary
responsibilities for various phases of the study
would have to be delegated in order to obtain
the necessary information for biological assav
of the degree of injury. In the initial phase,
hematological surveys and establishment of
clinieal records on each individual were empha-
sized. Dr. V. P. Bond organized and ana-
lyvzed the results of the daily blood studies. Li.
N. R. Shulman, MC, USN, with the capable
assistance of Mr. John Tobin, anthropologist of
the Trust Territory, and Kathleen Emil, Mar-
shallese nurse, as interpreters, undertook the
establishment of medical histories and initial
physical examinations.  As the clinical picture
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PREFACE AND ACKNOWLEDGMENTR v

anfolded, daily sick call and care of the radia-
tion lasions were carried out by Doctor Nhul-
inan akmg iinen decidei in general conference
of the entire group. When epilation and skin
lewions appenred, Cormander R. \. Conand,
MC, USN, was assigned primary responsibility
for documentation of the onwet, incidence, and
detniled description of the <kin lesions. During
the field phase, 1t. Robert Sharp, MSC, USN,
was given the responsibility for decontamina-
tion und collection of data from all sources on
the radiation intensities of the contaminated
atolls and the calculation of probable doses of
radiation received. Paul K. Schork. HMC.
U'SN, was in charge of the Hematology Labora-
tory. The services of Doctor S. H. ('ohn were
requested, and made available by I'SNRDL to
undertake a field study of the degree of internu!
contamination, in nddition to the studies that
were to be performed on urine samples returned
to the [.os Alamos Scientitic Laboratory, New
York Operations ffice of the Atomic Energy
Commission, and the USNRDIL.

The authors wish to express their gratitude
and indebtedne~s in particular to Dector John
C’. Bugher, then Director of the Division of
Biology and Medicine, Atomic Energy (om-
mission, who came to the forward area and was
nlways available for counsel. In addition Cap-
tain Van Tipton, MC, USN, Director of Atomic
Defense Division of the Bureau of Medicine
and Surgery. Departinent of the Navy: Com-
mander Harry Etter, MC, UNSN: Captain WL E.
Kellum, MC, USN :und Captain T. L. Willmon,
Communding and Execative Officers respec-
tivelv of the Naval Medical Resenrch Insti-
tute: Captain R. \. Hinners, USN, Director
USNRDIL. and Captain .\, R. Behnke, M(,
U'SN, Associnte Director NRDL: gave unlim-
ited support and reduced administrative pro-
cedures to i bhare minimum, thus making it pos-
~ible for the unit to be assembled and underway
i a matter of hours.

Upon arrival ut Kwajaletn, Rear Admiral
R. S, Clarke. USN, Commanding Ofticer United
States Naval Station, Kwajnlein, supported the
project with all of the facilities at his disposal.
As a result, a luboratory and clinie was estab.

linhed and operating within 24 hours sfter ar-
rival of the medical team.

In addition, we wish to acknos ledge the out -
sanding contributions of Col. (" S. Maupin,
MO, USY, Field Conmand Armed Forves Npe-
cinl Wenpons Project ; Captain H. H. Haight,
MC, USN, Division of Military Application,
Atomic Energy Commimsion: Dr. (fordon Dun-
ning, Division of Biology and Medicine, Atomic
Energy Commision: and Dr. H. Scoville of
Armed Forces Special Weapons Project who in
addition to their primary duties, collected ex-
tensive data in the field on the radiation intensi-
ties of the atolls and kindly furnished this ma-
terinl to the project personnel. Drs. T. L. Ship-
man, Thomas White,* and Payne Harria of the
Los Alamos Scientific Iaboratory kindly fur-
nished very valugble data on urinary excretion
of radionuclides. The early studies of the l.os
Alamos group in particular contributed sig-
nificantly to the information on the degree and
nature of internal deposition of short lived
radionuclides. Dr. (. V. LeRoy, Associnte
Dean, School of Biological Sciences, University
of Chicago. participated in the early phase of
the study as a consultant to the Medical Giroup.

The authors of Chapter I are particularly in-
debited to Dr. (. 5. Cook and the Nuclear Radia-
tion Branch at the Navy Radiological Defense
lLaboratory for information on energy distri-
bution of the ganmma radiation.  Datx on radio-
chemical and radioactive decay rates were sup-
plied by Dr. €. F. Miller and the Chemical
Technology Division of USNRDL and Dr. R.
W. Spense of Losx Alamos Scientitic Laboratory.

In colle *ing data on the <kin lesions, the
help of RBilliet Edmond, Marshallese school
tencher for the Rongelap group 1n interpreta-
tion was invaluable. Miss Patricia Roan of
UISNRDIL, prepared the histologis prepara-
tions of the skin biopsies and Mr. William Mur-
ray and (George Needum of USNRDL and
. P. A. Strome, HMC, USN, Naval Medical
Research Institute performed the excellent
color photography.

In preparation of the materinl snd writing of
Chapter V. the authors are indebted to Miws C.

* Drevaned.
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Jones of USNRIN. who prencred the sutars-
diographs of the thaues. In addition, Dr. W. P.
Norrm of Argonne National Laboratory made
autagraphe of specific tissuen. [r. Rachael
Reed of USNRIN, performed the microncopic
pathological studies of the tissues from the ani-
mals in whom radiocisntopes were deponited in-
ternally. I4. Col. R. J. Veenstra, VC, U, N,
Army, was in charge of the care of all the ex-
perimental rnimals collected in the field and re-
turned te the United States Naval Radiological
Defense Laboratory. Dr. E. R. Thompkins
made the facilities of the chemical technology
division of the USNRDIL available and pro-
vided technical advice on the radiochemical
aspects of the project.

The continuous help and cooperation of the
Trust Territory representatives in particular,
Mr. Maynard Neass, District Administrator of
Majuro Atoll and their aid in obtaining the
necessary control data on Marshallese inhabi-
tants was indispensable to the success of this
atudy. Particular help was obtained from Mr.
John Tobin, the district anthropologist, whose
knowledge of the Marshallese language and
habits, in addition to services as an interpreter,
were invaluable.

The initial measurements on skin and cloth-
ing contamination were made by Lt. J. N
Thompson, MC, USN. of V. P. 29 Squadron.
We are indebted to him for furnishing his rec-
ords on the contaminated individunls and the

initial decontamination that was performed by

his group.

The care and the study of these human beings
would not have been successful unless the
Marshallese had accepted the importance of
their being under careful medical observation
and of gathering medical data. At all times
these peaple were most pleasant, cooperative
and actively participated in the project. In
particular the project officer wishes to express
thanks to the Magistrates of the groups, to the
Marshallese health aids, school teachers. and
nurees.

It ix quite impomnible to acknowlnige the
smmtance of the numerous 1ndividuals in van-
ous agencien who awisted in collect 'n of data
and editing of the various chapters. Tle Pre-
ject Officer wishes to commend all of the pro-
fessional and technical members of the group
for their excellent motivation, initiative, and
voluntary long hours of extra work that were
essential for the accomplishment of the clinical
and research objectives and the rapid collection
of the preliminary data in the field. It is
quite evident that the entire study of the ex-
posed individuals was a cooperative endeavor
involving numerous activities, and that it would
have been impossible except for the splendid
spirit of unseltish cooperation by all concerned.
The fine team work of the group itself made
it possible for realistic daily reports on all of
the nbove phases to be forwarded daily to re-

“sponsible agenciex and thus keep authorities

informed of the course and severity of events
following this untoward and unavoidable acci-
dent.

Upon completion of the initial phase of the
study, primary responsibility for writing re-
ports on the variouse phases was delegated as
follows: (. \. Soudhaus, dosimetry: N. R.
Shulman, clinieal course and care; R, \. Con-
ard, skin lesions: V' . Bond, hematology: 8.
H. Cohn, internal deposition.

The tinal publication of this monograph on
human radiation injury represents the comple-
tion of the finest in cooperation and team work
of a diverse group who willingly sacrificed
personal ambitions and desires for the good
of the project at large. It was a distinet privi-
lege to be chosen to direct the medical team,
n real pleasure to odit and integrate the sepa-
rate reports and hnally realize their fruition
as a homogeneous monograph.

E. P CroxxiTe, M. D,

Medical Department.
Brookhaven National Laboratory,
1"pton, New York.
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Chapter I

Radiation Characteristics of the Fallout Material and the
Determination of the Dose of Radiation

C. A. Sonplats
Rosgar Suare, Lt. (jg) MSC USN
V.P. Boxp, M. D, L. DD
E. P. Cwonxrre, dr. (MM
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1.1 Nature of the Event and Description of the Exposed Groups

Fitaowina Tue Devoxarion of a nuclesr de-
viee at the Pacific Proving gvnend in the Snewne
of 1934, ugmifieant amounts of radisctive ma
terial fell on newhhoring populated atalks.
The Mardhallese inhabitants of Rongelap atoll
(de~ignaten] as Group 1) reverved the lnghest
calenlatedl dowe of radiation. Nome of the
Rongelap people were knated temporarily on
Ailinginae atoll from the time of the fallont
until they were evacuated (Group 11). Their
calenlated dose was smaller than that of the
other members of the parent group. The
American service men (Group I11) were lo-
cated on Rongerik atoll. The largest group of
Marshallese (Group ['V) were located on Utirik
atoll and received the smallest dove. The Mar-
shallese were living under relatively primitive
conditions in lightly constructed palm houses
(Fig. 1.1).

The Ameriean military personnel had the
second highest exposure. They were more
aware of the signiticance of the fallout than
were the Marshallese, und promptly put on ad-
ditional clothing to protect their skin. As far

& duties would permnt, they remarined inswde of
shimenom berrhhing 10 CSR005R2, e’ ol ilee
Marchallee remained out of tewws snd thus
were muwe heavily contanunsted by the ma
terinl falling on the atolls.  Some of the
Marshallewe, however, went swimmung Jduring
the fallout and many of the children wadel 1n
the water, thus washing a considerable amount
of the material from their skin.

The exponed pervonnel were evacuatel to
Kwajalein by air and surface transportation.
Since a survey of all individusls showed that
there was significant contamination of skin, hair
and clothex, prompt decontamination was in-
ituted. Clothes were removed and launderwd
aid repeated washings of the skin and hair
with fresh water and soap were carried out. In
many of the Marshallexe, it was dificult to wash

the radionctive material from the hair berause

of the henvy coronut-oil hair dressing.

The exposure groups with individuals in-
volved, the calculated dosen of radiation, the
prolmble times of beginning of the fatiout and
the evacuation times are given in Table 1.1

Table 1.1—Exposed, and Coatrol Unexposed Groups

Torat APFRNSINATS
. A Tiug o Cou-
tnoce DEscxamios Ninaga

MENCRUENT OF

In timovs v

Gronp I — Rongrlap a4 H+ 4108
hrs.

Group 1l — Ailinginae I8 H+ 4086
hr.

Group 111 — Rongenk 28 H + 88 hre

Group [V - Unuink 157 H + 22 hm
Marshallese, Control n7v
Group A

Americans, Control Kwa- 108
jalein- American

Resy o
1 . R y waTR 00
Tius 00 Evacranog l“-'l'».l:'l“):-.c.‘A-I::.f “T:::"
LaTIINS Hrielul
A (1)
H « 50hm 16propler 3I75mrum . H + 7 I738
H - 51 hre /4% prople) days
H - 58 hm 10 mrhm . H + 9 (3

day=
H + 285 hm (R men) 2% mrhrm. . H + 9 .
H + 34 b (20 men days
Started at H + 55 he mrhs. . H ¢+ R 14
Completedat H - TRhm dayv«

Total Expomed 267 Total Controb 222
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EVENT AND DERCRIPTION OF EXPOSED GROUPS 1.4

1.2 Whole Body Gamma Doscs

Tue Fanxatep Vasi gn of externai dove given
in Table 1.1 were cakniated from readings of
radineinn 8031 SUivey miTunenta T Avernges
of a number of dowe rate measurements on ench
island ai a given time were uwesi. The read-
ings were taken in air, approximately three
feet abuve ground, several dayx after the inhab-

carried out, et was its operating condinon
known to be satisfactory under (hbe emergency
condition prevailing st the time of we  For
these reasons the later readinem. which wee
higher than the early survey by sn svernge of
M pervent when currected to the same timen,
were used In computing the dowes litedd. The
imstruments uswsd for the later messurements
were calibrated jint prioe to the surveys.
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seativring ot lerel of infnite planc 3 fect in awr abore uniformly-distridbuted

fiaiom products feid.

itants were evactuated. Before this time, ade-
quate survevs with well calibrated instruments
had not twen possible, although readings had
been taken with a single survey meter at the
time  of evineuntion.  However, preliminary
calibration of this instrument hiad not been

CATI Niv s catador AN PR D

1.21 Charscteristics of the Gamma Radiation

The fallout material, when deposites] on the
ground, formed a lurge planar source of rudia-
tion.  The energy distribution of the radiation
renching an expesed individual was infinenced
by 11s passage through the intervening mir. A
knowledgre of the energy speectrim of the m-
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dation ax it emanated from the material itelf
made pomible an approximate calculation of
the neconrtiice of iomal doe deliverad iy ench
of wevernl energy regions.  Such s caleulatim.
uning spectromet nic data on the wure matenal
of mized trowon prostucts aiyl taking into ac.
count thix energy degradation by Compton wcat-
tering along the path 1in air, (1) lel to the
deme-energy histogram shown in Figure 12
Roughly tlere were three regions, with max-
ima at 1o, 700 and 1500 KEV. The total ex-
pomire was thux the resultant effect of partial
dewen from ench energy region, making the ex-
posure energy condition significantly different
from those of radiation thernpy or experimental
radiothology.

The dauta in Figure 1.2 are bused on the spec-
trum of 4 duy old tission prodacts from o fall-
out sumple.  In the aimence of other data, this
wns taken ax representative of the fallout on
all of the islunds to which the individuals were
exjumed,  An energy correetion factor for the
radintion measuring mstrnment was enlealated
by weighting the dose from each energy inter-
val by an avernge meter response factor for
that energy (2). .\ geametry correction factor
was wlso ealeulated. The total correction result-
ing from this procedure was found to be about
twenty percent.

Using this correction, the dose rates on the
islands at the time of ~urvey were determined.
Sinee rndionetive decuy of the tission products
had occurred between the start of the exposare
wid this time, it was necessary to obtain a value
for this decay rate during the exposure period
in order to caleulate a totnl dose 1 ench cnse.
A arge number of rdioisotopes ure present in
varving proportions in the hssion prodact mix-
ture, and the total rute of change of radiation
intensity resulting from them may differ some-
what with place and time. The best dntn avail-
able i this case cume from fallout samples
taken soon after the detonation at points some
Dhecay
rates of these samples were mensured in the

distance from the contiminnted atolls,

field and i the liboratory, and a fuirly con-

sistent pattern was olmerve| ateng varions lo-

cations and samples.  In addition, theoretical
considerations hassml an the redinebeniioll e
pemition of the fallout mixture permatted @ cay
rates to he culeulated for different snterva.s be-
tween the time of inithial exponure and later sur-
vey readings (3). Thewe agree well with the
experimental data, and were uned both in the
dowe culcuintions during the exposiire infervals
ahel in extrapolating the later survey readings
to earlier times.

1.22 Duration of the Exposures

The time of evacuation is known accurately
for all the islamds ; however, the time of arrival
of the rmdionctive clond was determined pre-
cisely only for Rongerik by means of a continu-
ously recording dose rute monitor located at the
wenther station on that atoll.  Ax the radiation
intensity rose above the background. a material
with 2 misty appearance began to full. The
times of beginning of fallout for Rongelap and
Ailinginae atolls were estimated from similar
visual observations, These estimuates were con-
sistent with the relative distances from the site
of detonntion and the known wind velocities.
Fallout was not observed on Utirik. hence the
estimate of arrival time was made on the basis
of wind velocity and distance.

Two extreme passihilities exist relative to the
duration of the fullouts: the first, that the fall-
out aceurred entirely within a short time; the
second, that 1t was gradual and extended over a
longer pertanl. The monitoring instrument on
Rongrertk went off seale ar 100 mr hir, one-half
hour after the dose rate began to rise above
background.  If this rate of increase 1= tnken as
constant, and s extrapalated to a point for
which subsequent decay would reduce the dose
rite to the vadues found at later times, the as-
stmption of n long fallour of about 16 hours is
found to be necessary.  This <Jow rate of fall
and lute maximum time of dowe rate was one
fimiting ense: however this situation was nit
considersd likelv,  Existing data are inconclu-
<tve, but several mdications favor a <horter
“etfective fallout tune hvpothes <™ and are <um
minrtzed below,

s e



FVENT AND DESRCRIPTION OF EXPMED GROUPR

a. The estimsted durations of fallout which
ireuii from the atove extrapelation of initial
fallout rate for Group | and 111 appear ton
long to have occurred at the distanees of
these people from the shot sland. winee the
wind velocity in the area was high enough
to move the cloud over the islands in a
considerabl: shorter time, us little as one-
half of the above indicated time.

b. The accounts of the visibility of the fallouts,

although conflicting, do not indicate such
late cessation.

c¢. Doses calculated on a long fallout constant

rate of increase hypothesis are lower than
those dur to a short fallout, since a short
fallout quickly deposits a large amount of
activity. For both a 16 hour and 8 hour
fallout assumption. a dose value was esti-
mated.  The ranges are then as follows:

Table 1.2

Dosg 1N T

Lowarton FatLon ¢t Tiwg

LY 14 LE
Rongelap (Group D 154 r 20 ¢
Ailinginae (Group 1 2r w2r
Raongenk (Group 11 T0r 106 r
Uuink (Group IV 12r 15 r

On Rongerik (Group 11D a set of ilm badge
readings were obtamed which constirute the
only direet evidence of total dose. Several
badges worn both outdoors and inside lightly
constructed  buildings on the island read
about 50 to 65 r. and one badge which re-
mained ontdoors over the 255 hour period
read 98 v Another group of badges, kept
indoors inside & steel refrigerator. resd 3% r
These dose values represent a vanety of
conditions, but, considering  the <helding
and attenuation factors. are consistent with
the assumption that the dose autside during
the tirst 255 hours after the begimung of
the fallout corresponded 1o abont 12 hoos
of constant falloat

-
¢

d. For Utk atall o IV G000 & faiioat
time of about 12 hours or lem 1 consmtent
with the later done rates obaerved. provided
the fallout sctualiv began sa late an was
catimated from wind and distance (actors

¢. A long fallout probably would noet be um-
formiv heavy throughout, the first portion
being the most intense and the balance de-
creasing with time.  The tatal phenomenon
would thus tend toward the effect of »
shorter fallout.  This is supported by mom-
tor data from other nuclear events, where
initinlly heavy fallout is reported to produce
a peak of nir-borne radioactivity soon after
arrival, with the sirborne activity level then
decreasing.  The latter pert of the fallout:
though still detectable as dust, may then
produce only a small fraction of the total
dose from material on the ground. Hence
the total dose may be estimated fairly ac-
curately by assuming a constant failout to
have been complete in & much shorter
“effective” time.

The dose values given in Table 1.1, based on
tilm badge, meter and montor data, wre con-
ststent with a constant falloat hypothesis of
nbout 12 hours effective time.®  /IJne exception
1s made : the dose values for Giroup L are about
T3 percent of the 12 hour fallout value, averaged
for 280 and 3H hour exposures. This was felt
to express most accurately the average wir dose
received by personnel who spent roughly half
thetr time inside <tructures where the dovse rate
was fnter found to be roughly half that our.
doors. On the other islands sach shelding was
not wvailuble.

Frgure 1230 lustrates the cumublation of
radintion dose us o function of time after deto-
nation.  The dose rate vursed continuously.
The major portion of rdition was received at
the lngher dose rate previnbing i the early por.
tion of the exposure peruwd. By the time that

“Using 12 honrs actually pesattta in values which aure
hecher thun those of Taubile 11 by 3 to 11 r, Tubde 11
sting The siilves culetintos] Yulone nil spes trum taln
wis nvcnbabde b ocertany o sl the infotingttong e
greater thien has (ifferenee whin boas heglectee)
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0 percont of the dosr had been received. the
dn-nhhihlhnml-lth-nwpemuol
#- 1n2ig! value. Thwn the done rate also dif-
fored frem the usual constant rate In the

the dome at the center of the budy in approsi-
mately 5 psrcset higher than wowld resmit
from a given sir Jose with narrrw beas: grom-
etry. Figure 1.4 illusirstes the depth dose

labaratory. curve from an experimental mtusiion using
- i
I
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Frutag 1.3—TAe¢ acrumulation of gamme dose a8 @ function of time after
commencement of fellout on Romgelap atold.

1.2} Geometry of the Exposure

In addition to the dose rate and energy dif-
ferences the geometry of the exposure to fall-
out radiation is significantly different from the
usual laboratory sources. Nince fallout radia-
tion is delivered from a planar sourve the usual
narrow beam geometry 1s not applicable. In
such a diffuse 360° tield, the decrease of dowe
with depth in tissue ix less pronounced than
that resulting from u bilateral exposure to an
X ray heam becuuse falloff from iny ~ve square
s 1 effect neutralized. For the sani. energy,

spherically .r'ented ('o* sources with u phan-
tom placed at their center, compared with a
conventionnl bilateral depth dose curve ob-
tained with a single source (4). In the latter
case, the air dose is usually measured at the
point subwequently occupied by the center of
the proximal surface of the patient or animal
with respect to the source. For the tield cave,
ail surfaces are “proximal,” in the sense that
the nir dose measured anywhere in the space
subsequently occupied by the individual is the
same. It is this air dowe which v measured
by a field instrument : 1t dues not bear the same
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relationship to the surface dose and depth dose  sowrce” beasm air dosss with comparsble bis-
} s doun the air dess messmved i & STt e Vogh riteci wre otsined
] boam in the chmic or laberstory. [t would Rongelap, Grewp [ .. oo r
appsar under these circumstances and in most Ailinginee, Growp 11 _____ . b r
experimontal conditions that the midline doms, Rongerik, Giroup 111 _____. 12 r
rather than dose measured in air, would be the Utirk, Growp IV___ _______ nr
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Fierag 1.4—Comparison of depth dose curves in maaounile phanioms from
bilateral ezposure 10 & single poiut source, and simultanecons crposnre to
multiple sourcea with @ spherical distridution eround the ghantom.

better common parameter in terms of which to
predict biological effect. On this assumption,
the nir dowe values stated in Table 1.1 should be
multiplied by approximately 1.5 in order to
compare their etfects to those of a given air
dose from a “point source” heam geometry de-
livered hilatersily. 1f this v done, amuming
s fallout of 12 hours, the following “point
W17120—38- —12

The geome'ry of radiation from s fallout tield
is not identical either to the geometry of bi-
lateral point sources or spherically distributed
sources since the plane source delivers the radia-
tion largely at s graxing angle. However, the
total iield mituation is better approzimated by
wolid than by plane geometry. Exposure geom-
etry in a radioactive cloud would be sphencal.
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1.3 Superfirist Doses of Radiation
From Bewa and Soft Gamma
Radiati

Twenz (ax B no doubt that the doves of radia-
tion to the surface and the firt few millimeters
of the buiy were substantially higher than the
mid-line done of gamma radiation as s result of
physical considerations of gamma energy and
depth dose. In addition, the clinical obeerva-
tions of the skin lesions (see Chap. I1I) force-
fully demonstrated that the dose to the skin
varied considerably between individuals and
over the surface of any given individual. \s
will become evident in the following discussions
of surface dose, it in obvious that any numbers
prenented are at best only estimates and repre-
sent an approgimation of some minimal value.
In areas where lesions were severs the doses
must have been significantly higher than in non-
damaged areas.

To arrive at some physical estimate of the
«kin dowe, an attempt must be made to add up
the contributions of the high energy gamma.
the very soft gamma, und the higher energy beta
radiation from the large planar source in which
the individuals were of necesity existing.
[However, ns alluded to above and emphasized
in Chapter 111, the largest component of skin
irradiation resulted from the spotty local de-
posits of fullout material on exposed surfaces
of the by, The dose from deposited material
it impossible to extimate: however, that from
the large planar source may be roughly esti-
mated as follows:

The beta dove rate in air 3 feet above the
surface of an infinite plane contaminated with
mixed 24 hour old fission products is estimated
to be about three times the total air gamma dose.
The mid-line gamma dowe is approximately 60
pervent of the air dose remaining after exclud-
ing that portion of the dowe below s KV.
This portion in turn is extimated to be 30 per-
cent of the gumma dose mensured in air hy the
istrument.  Thus the dowe at the surface of &
phantom  exposesd to mited  fismion product
mdistion from an esternal plane sourcy nught

e suTmrterd tn b £ (AR 10 &) e abuywet B tiwees
the mid-line dome, if hoth are taken at 3 feet off
the ground. Nuch a depth dose measurement
has in fact baen made experimentally st a previ-
oun test, using a phantom man exprmed to both
the initial and residual radiation (5). The
depth dowen for each situation are shown in
Figure 1.5, with sll data as percent of the 3 centi-
meter dome. With the diverging initial radis-
tion from the point of explosion. the exit dose
was seen to be 63 percent of the 3 cm. dose, but
with the diffuse residusl field of fission products
providing & semi-infinite planar source, 8 sur-
face dose some 8 times greater than the 3 cm. and
deeper dose from the harder gamma components
was observed. This is seen to be of the same
order of magnitude as that estimated above,
At heights above and below the 3 foot level this
surface dose would become lower and higher
respectively, but since it is due to soft radiation
of short range, it probably would not exceed 50
times the 3 foot air gamma dose or 80 times the
midline dowe. even in contact with the ground.
An estimate of skin dose due to ground contami-
nation for the Rongelap case would result, for
example, in a figure of sbout 2,000 rep at the
level of the dorsum of the foot, 600 rep at the hip
level and 00 rep at the head if continuous eo-
poxure iwith no shielding occurred. U'nknown
variation in dose undoubtedly resulted from
shielding and movement. It thus seems prob-
able that the external bets dose from local direct
«kin contamination far outweighed that from
the ground in importance, since the latter was
not high enongh to produce the observed lesions.
Clothing probably reduced the beta dowe from
the ground by 10 te 20 percent.

1.4 Summary

RaptaTion [ses from gamma rays originating
externally were calenlated for the 267 individu-
alx who were accidentally expoved to fallout
following the nuclear detonation at the Pacite
Proving Ground in the Spring of 1954 The
Joewe end1miations wetre nade using mformation
renlting from radiological sfety surveys on
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the atolls, and spectrometric and radiochemienl
datn.  The actual duration of the radioactive
fallout= wa~ not known, und the values for
length of exposure were subject 1o uncertainties
i the times at which the fat'outs begwn. A
range of possible whole body  grima doses
was ealeuluted, and the values considerad to e
mewt probuble are preented. Diffise grometry

from the semi-intinite planar sonrce wax be-
Jieved to inereuse the tiologicnl effect of the
whole body dome exprvseed ax an air dose, com-
pared tn the geometty of the usnal X ruy ex
pomure Soft gamis and beta radiation from
fullout on the ground and especiabls on the
Kin ttaelf redted w0 sapertnind dose whinh

wits Ltk wnoneehs e sl Liim, o yusn-
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21 Incroduitium

Woen Toe Fornees groups were tird wen of
Kwajalven after evacruwntion from ther native
stalle, the amount of radistion they had re-
cvived was nat known with cortainty. It was
known, bowever, from instrumest readings
taben ot the sites of the fallowt and from memi-
tering all individualn, that a significant asea:t
of peaetrating irradiation to the entire body
had bern received and that extensive costamina-
tion of the skin and possible internal deposi-
tien of radisactive materials had ocrurred. The
nature of the irradiating material and the cir-
cumstances of exposure prevented a precise
evalmtion of dwage (sre introduction). Even
if the precir dose had bren kmown it would
nat have been possible to predict the biolognicsl
effects since the quantitative response of man
is not kmown. Acrurdingly, a complete medicsl
history and physical examinstion was abtained
wm each individual and numerous follow-up
examinations were carried out. In addition,
routine sick-call was held twice daily and n-
spevtion of the skin of all individuals was made
at frequent intervalx. Medical care was avail-
able at all timew. Honpital facilities were avail-
able at the Kwajalein Naval [hspensary. and
support by the more extensive medical facilities
of the 1. S, Pacitic Fleet had been promised
if needed.

From descriptions of the amount of fallout
material and from radicsctivity measurements,
it was apparent that Giroup | ( Rongelap) had
received the highest dowen of radiation, Group
11 (Ailinginae) and Group 111 ( Americans)
an intermediate amount and Group IV (Utink)
the least. From physical dasimetry it wax later
estimated that Group [ had received approxi-
mately 175 r of gamma radiation: Gronp 11,
69 r: Group 111, 7 r: and Group IV, 14 1.
The most serious clinical and laboratory mani-
festations of irradiation appearsd in Group |
and Il. The only abnormalities that could be
attributed with certainty to irradiation were

shin lonnns, spiintinn, granuierytnpens snd
thrombaryinpenie. The din rmoss worw ot
obmer ved brt ween the 12th and 1th pat-orpn-
wre dayn. Thewr levions were memt provelent
in Groups | and 11 but were present 1o » slight
extent in Groap [11. Details of the skin symp-
toms and lenions and their treatment are ro-
ported in Chapter 3. [etails of hematologpr
studive are presented in (hapter IV, (itane-
kcytopenia and thrombocytopenia of marbed
degree developed in many individusls of (irneps
1 and [1 and was of suficient severity to war-
rant serious consideration of prophylactic and
therapeutic measuren for potentisl sequelse of
thewe cellular defirioncies.

In view of the conflicting opinions asbout the
value of prophylactic and therapeotic meassres
~uch an antibietics s whole blomi transfusioos
in the treatment of radistion diesse (1-3),
wan decided that therapy woukl be instituted
only as indicated clinically for specifie condi-
tions as they anme.  In order to determine the
eflect of the internal depimition of radioartive
material on the courve of the externally induced
radiation injury, it was necenary to determne
the degree of internal radioactive contamina-
tion. Details of the messurement of internal
deprmition of radionuclides are considered n
Chapter V. It is sufficient to state here that the
contribution  from  the internally  deponitesd
radionuclides to the total acute dowe was
msignihicant.

2.2 Symptoms and Signs Related to
Radiation Injury

Severat. Sy urrous Tuar developed dunng the
int two days coukl be attributed to radiation.
Thewe symptoms were asariated with the skin
anmd the gustrointestinal tract.
Itching and burning of the skin acurred i,
24 pervent of Group | ( Rongelap), 2 percent
15




“» Samade e .

(1) EFFECTS OF IONISING RADIATION

of Grewn I1 1 Aibinginge), 3 jerceni of firoup
111 (Americans). and none of Group IV
(Utink). Three people in Group | and one
in Growp 11 compluined of itching and burning
of the eyes and lacrimation. Thewe initial skin
and eye symptoms were mont likely due to ir-
radiation since all individuals who experienced
the initinl symptoms later developed unques-
tioned radistion induced skin lesions (epilation
and  conjunctivitis),  (Nee Chapter 111}
Furthermore the initial symptomatology in
these people was similar to that reported in in-
stances of nccidentn] laboratory overexposure
to radiation, described in Chapter 111 It is
possible, however, that chemical irritation by
the fallout muterinl. which was predominantly
highly alkaline caicium oxide, may have ac-
centuated the initial symptoms.

About two-thirds of Group [ were nauseated
during the first 2 days and one-tenth vomited
and had dinerhen. One individual in Group
1T was nnusented. In Groups HT and IV there
were o gustrointestinnl (G1) symptoms.  The
information concerning symptoms was obtained
by questioning through an interpreter by sev-
eral individunls.  Despite the repeated interro-
gations and the inevitable suggestions of the
interrogators, the stories remained consistent.
Al GI symptoms subsided by the third day
without thernpy and there was no recurrence.

‘The presence, severity, nud duration of nau-
sen, voiting, and dinrrhea are known to bear
a direct relntionship to degree of exposure and
probability of the recovery (L2, 6), and it s
of note that the incidence of these syvinptoms
waix correlated with the dose received and that
there were no gastrointestinal symptoms in
Group IV, the largest group, which received
only 14 r. GL symptomatology msy have been
due to direct tnjury of the G tract as observed
i animals after whole body irradiation (70 %)
or mmy have been non-specific as is observed
following thernpeutic radiation.

Various other clinical conditions, which were
encountered during the course of observation
of the exposed groups were not the results of
radintion exposure.  Vhe incidence und type of

diwase wwoen. diswend below, were similar in
all expemure groupe and i notexpoeed -
vislunlds,

2.3 Clinical Observation and Therapy

With Respect to Hematological
Findings

2.3t Clinical Observations and Leukocyte Councs

Berwers The 33rd and 43rd post-exposure
days, 10 percent of the individuals in Group I
hud an absolute granulocyte level of 1006 per
cubic millimeter or below. The lowest count ob-
served during this period was 7 granulocytes/
mm.* During this interval the advisability of
giving prophylactic antibiotic therapy to
granulocytopenic individuals was carefully con-
sidered. However, prophylactic antibiotic
thernpy was not instituted for the following
rensons

(1) All individuals were under continuous
medical observation so that infection would be
discovered in its earliest stagex.

(2) Premature administration of untibiotics
might have obscured medical indications for
treatment, and might also have lead to the de-
velopient of drug resistant organisms in in-
dividuals with a lowered resistance to infec-
tion.

(3) There was no accurate knowledge of the
nimiber of granulocyvtes required by-man to pre-
vent infection with this type of granulocyto-
penin.

The observed situation was not strictly com-
parable to agranulocytosis with an aplastic
narrow as seen following known lethal doses of
radintion.  In the latter instance, granulocytes
full rapidly with practically none in circula-
tion and no evidence of granulocyte regenera-
tion when infection occurs (6). In the pres-
ent group of individuals exposed to radiation,
most counts reached approximately one-fourth
the normal value, but the fall to that level was
gradunl and the presence of immature granu-
Jocytes in the peripheral blomd during the pe-

e —
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ticd of granuinrytopenia was indicative of wme
granulocyte regenerstion.

White counts were repeated at 3 to 4 day n-
tervals on all of the expoed individuals and
more frequently on thewe with the lowest counts.
Individunks with symptonns or elevated tem-

ures were treatett only after an attempt to
entablivh a diagnosix was made, even if a pe-
riod of obwervation was necessary. During the
obeervation perod. the patients were examined
at frequent intervals and the temperatures
checked every few hours

Twenty-seven individuals had total leukocyte
counts of 4000 or below or absolute neutrophile
counts of 2500 or less at some time during the
period of obeervation. Of thess 27, 13 de-
veloped symptoms of disease that required
evaluation for possible antibiotic thernpy. The
13 instances in which it was necessary to con-
sider the use of antibiotic therapy in neutro-
penic individuals are summarized below:

Eight neutropenic individuals had symtoms
of upper cespirntory wfection (U'RI) char-
acterised by maninise, sore throat. nasal dis-
charge. and temperatures bet ween 49 and 101.4°
F. The temperatures returned to normal
within 24 hours. Since the response of this
group to URI appeared identical with that of
other individuals with URI without neutro-
penia. no specisl thernpy was given,

Two individuals developed symptoms  of
marked fualaise, headache, abdaminal pain,
nansen and dinrrhen.  Both were children, one
ngre 7, the other age 2. ln both instancey, the
symptoms were out of proportion to the physi-
el findings, which were negative exvept for
evidence of head coids and pharyngenl injec-
tion. The 7-vear old cinld had an aral tempern-
ture of 126" F. when first ~een and 4 hours
later. it was 14° F. The two-vear old child
had an initial axillary temperature of 10187 F.
which rose to 103.5° F.in 4 hours.  Both were
given 00000 units of procaine penictllin intra-
musculariy when the sharp rise in temperature
occurred, and both were afebrile the following
day. A\ second injection of penicillin was given
at this time, and therapy was discontinued.  In
spite of the fuct that the neutrophiles remained

depresed in bath case~ long afrer the fever had
pmeed. both indiv duals revoversd and had ne
further ilinews.  n Figure 2.1 the leukoryte and
platelet counts of the 2-vear old pat. 1 and the
time of the arcurrence of the febr .l inew are
itlustrated.

A one-venr-okl hoy had had symptoms of
mild upper respiratory infection for seversl
dayx amd was brought (o the clinic when be
developed n hacking cougin.  When he was ween,
hix axillary temperature was lmxe F. He
had signs of URI, there was pharyngeal injee.
tion, aid numerous conrse rhouchi were hesrd
throughout the chext. .\ diagnowis of upper
respiratory infection with associated bronchi-
tis was made and the child was given a single
intramuscuinr injection of 200060 units pro-
caine penicillin. On the following day his tem-
perature was 9° F., no rales or rhonchi were
henrd, and he recovered without further
treatment.

A S0-year-oki man came to the clinic com-
pinining of wenknes, nervousness, mild ab-
dominal pain and sheoting pain in the upper
anterior chest biluterally of veveral hours dura-
tion. He nppeared moderately ill, his temper-
ature was .6° F.. und the only positive physi-
cul tinding was moderate tenaerness in the right
npper quadrant of the abdomen. Within »
10-hour period the temperature rose to 101.6°
F.. following which it fell gradually to nor-
mal. The abdowinal tendernes continued for
24 hours and then gradunlly disappesred dur-
ing the submequent 2 duvs. A tentative ding-
nosis= of cholecystitis was made.  No speetlic
therapy was griven.  Tu Figure 2.2 his white
biomd cell und platelet counts in relation to the
!Il)ll‘ﬂl'ﬂ“(‘(‘ (lf .\'.\'III‘I(("".\' are ﬂh()w“.

A ferunle, age 3%, developed generalized urti-
carin, fever, and headnche.  No cuuse for the
nrtiearia was found and the symptoms subsided
within % hours without any therapy.

Al individuads in Groups T and I that re-
ceivedd antibioties are listed in Table 2.1, Of
the individunals treated with antibioties, only
the tirst three received it at » time wheun ther
neutrophile count was low.  These casex are
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] URI and bhronehitin 1 Penisillin
with high tomper- !
sture,

23| URL sovere, with Ponicillin
pharyngitis sad
high temporature.

4,8 | Tuoth extraction_. .. | Penicillin

¢ Deep extensive 2 Penicillla
slough of epider-
mis of foot. ;

7  luflamed tousils 2 Penioillin
with high temper-
sture and URL.

Rapid progressing 3 Penicillin
undermining im- l
petigo. !

Traumatic 7 Penieillin
of foot.

1o Cystitim. ... - 5 Gantrasin

11} FPuruncle on buttoek | ' Penicillin

12 Puruneie on fore- 1 Penicillin

| head.

described in detail above. Each appeared to
have evidence of a bacterial component associ-
ated with URI and antibiotics would have been
indicated had they not been irrndiated. Al
other individuals were not neutropenic at the
time of trentment and were given antibiotics
for specific indientions.  There was no instance
in which it wax considered necessary to give
prophylactic sntibiotics for neutropenia per ae.

2.32 Clinical Obsservations and Platelet Counts

All individuals with a platelet count of
10000 or lexs were examined daily for evidence
of hemorrhage into the xkin, mucous nem-
branes and retinae. Urine was examined daily
for red cells and albumin, and women were
questioned concerning excessive menstruation.
There was no evidence of any hemorrhage even
though 11 individuals reached platelet levels
bet ween 35,000 and 65,00, Two women nwn-
mrusted when their platelet counts were 14 nn)
and LW respectively.  Both menstruated

severn] estra days and thought thet the blred-
ing was more than wwael but not suffcient to
cawse them conrern.

133 Hemasecrit Cheagss

In radiation injury an swemis can be pro-
duced by three phenomena : a. Partial or com-
plete suppression of erythropoiesis: b Hem-
orrhage: c. Hemolysm. (9). The existence of
the latter is not universally accepted as s char-
acteristic part of radiation injury. Nimce hems-
orrhagic phenomensa were not cbserved a severe
anemis would have been expected omly if
erythropoiesis were suppressed seversly for »
long time. With complete suppression of
erythrupoiesin and an unchanged life span of
the red cell one would expect s deficit of 0.53
percent per day since the human red blood ceil
has a life span of approximately 120 days.

Nineteen individuals in Groups I and II hed
hematacrits between 31 and 35 percent. Nime
of the 19 were children, aged 1 to 5 years and
would be expected to have a lower hematocrit
than normal ndults: four were over 70 years of
age, in which age group a decreased hematocrit
is frequently present without obvious cause.
Two of the 19 had had menorrhagia prior to the
determination, two were 3 to 4 months preg-
nant and had not received supplementary iron,
and two were young women. These hemato-
erits conld be axcribed to physiological vana-
tions rather than to the effects of irradiation
on hematopoiesis. Supplementary iron was the
only thernpy used for the mild anemias ob-
served. Thus no definite evidence of prolonged
erythropoietic suppression was obeerved even in
individuals who had received 175 1 whole body
radiation.

2.4 An Epidemic of Upper Respira-
tory Infectioa Occurring During the
4¢h and Sth Post-Exposure Weeks

Brrweex Tuz 27th and the 42nd post-ex-
posure days an epidemic of upper respiratory
diseare (URD) acvurred.  The respiratory -
fection considded of nunierate maluie, pharyn-
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gitis with prominent lymphoid follicles, fever
of 99-100° F. during the first day. and & puru-
lent nasal and trachenl discharge for about 10
days. It was of interest to determine whether
the appearance of URI could be correlated with

the dose of radiation received or with changes
in the leukocyte count.

Fifty-eight percent of the individuals in
Group I and 56 percent of the individuals in

CLINICAL OBRERVATIONS AND TREATMENRT n
Table 1.2-—URE sad Cheagm is Geasulecyn ie
Geougs | and 1}

Numsas

or Iuse-

| T

URI: rise in granulocytes. . . _. ”

URIL: no rise in granuloeytss. ... .. .. »

No URI; rise in granulocytes..._. .. .. 113

No URI: no rise in granuloeytes. .. .. ! 19

Group 11 developed URI. Seventy percent of
the affected individuals developed symptoms

between the 27th and 32nd post-exposure days,
and the others developed symptoms in the sub-
sequent 2 weeks. Fifty-seven percent of the
aflected individuals were observed to have an
upward trend in their leukocyte counts, the in-
crease being due primarily to granulocytes.
Since an incresss in the mean granulocyte
count of the entire population occurred about
the 29th postexposure day, it seemed pertinent
to determine whether in individual instances
the increase was related to the presence of
respiratory infection.

The reiationship between the observed leuko-
cyte increase and the presence or abeence of
upper respiratory symptoms in GGroups I and
11 is shown in Table 2.2. Seven of the 27 indi-
viduals that developed both 1'RI and a leuko-
cyte increave developed the leukocyte increase
3 or more days before symptoms of URI ap-
peared. It is also of interest that the medical
personnel involved in the care and study of the
radiated individuals had an equal incidence and

severity of respiratory infections. The inci-
dence and severity of respiratory infection in
Group 1V, which had received only slight radis-
tion, was the same as that in Group I and 1L
The appearance of URI, therefore, did not ap-
pear to be related to the dose of radiation or
to changes in leukocyte level.

2.5 Comparison of Discases Seen in
Groups I and Il With Those in Group
IV

Taxe Dinzaser THAT were seen during the pe-
riod of obeervation of Group I and Il, which
were exposed to the higheat doses of radiation,
are listed in Table 2.3. None of the diseases ap-
peared to be related to the effects of irradiation,
either directly or as a result of hematologric dis-
turbances. For comparison. the diseaser that
were seen during the period of observation of
Group IV. which received the lowest dove of

Tebie 2.3—Diseases That Were Observed in Groups I sad 11

Nvuses ' Nvesss

Dwsgssa oe Ixpr- | Dmsgass or [xre-

viptals ! | TIDUALS
Furuncle . 2 Bronchitis 1
Gum Abscess ] Aphthous ulcer of tongue . !
Cholecystitis . i Spondyliolisthesis t
Tinea ] \ {mpetigo 1]
Mittelachmers ! Tooth rxtractiona 2
Generalised urticana t Giantroenternts 10
Erythema muitiforme \ Upper respiratory infections 47
Migraine headache - i Follcular tonsillite 1
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redistion, are lited in Table 3.4. The high
incidence of gastresmteritis in bnth groups was
probably due to she heeping of perishable foods
wnrefrigerated for long periods by the Mar-
shalless, and was not seen after this practice
was stopped. It would appear that a higher
percentage of the individuale in Groups I and
11 developed upper respiratory infections com-
pared to Group 1V. However, all of the indi-
viduals in Groups I and II were questioned

- concerning even mild symptoms of UR], where-

as only those of Grosp IV with severe symp-
toma of 'R} came to the cl. iic.

2.6 Changes in Weight as an Indica-
tion of Disturbance in the Gen-
eral Metabolism

Ture Boor Weiarr of individuals in Groupes |
and Il was followed routinely. Since they had
an unrestricted diet and sll ate well, their
change in weight might be considered an indica-
tion of any disturbance in their over-all metab-
olisn. The weight changes nre summarized in

Table 2.5. It would be experted that within s
periml of six weeks, most individuals below 18
yearsand particularly those below ¥ years would
smin some weight. The fact that most of them
lost weight may indicate that they received a
dowe of radiation suficient to interfere with nor-
mni metabolism. [n spite of their relatively in-
active life and hearty appetites niany of the
adults also lost weight which may indicate some
interference with their normal metabolism.
There was little difference in observed weight
changes between Group I and Group II. It ap-
peared that t! » difference in doses received by
the two group: did not differentially affect their
body weight. Whether the observed losses in
weight were related to radiation or to changes
in environment is not clesr. Unfortunately,
no satisfactory control existed to aid in in-
terpreting the loss of weight in Groups I and I1.

2.7 The Effects on Pregnancy

Forr Wouex 1x Group I were pregnant when
brought to Kwajalein. Two were in the first
trimester, one in the second triniester, and one in

Table 2.4—Disesses Observed in Group IV

Dusass

P— | Nemses |
e e e
Ontecarthritis . . il [ 4
Epithelivtus of ankle, with necrotic de- |
generation . . . A B |
Chronic bronehitis .. .. .. .. .. . H
Furuncle . . . ... . .. AU 1
Chronic bronchitia and bronchiectasis . . |
Abscess of sole of foot ... ... 1
Carbunce . . .. . 1}
Tooth extraction e B |
Fungus infection of gums and palste 1
Contusion, traumatic A .2
Gasatroenteritia 0
Upper respiratory infectionn 15
Arteriomclerutic heart dincare, decompen-
nated 1
Pyelonephritin i
Inmeet bite. with marked palpebral edema |

Chorioretinitia, unknown etiology.. ... .. ...
Thrombophlebitis, antecubital vein__ ...
Impetigo .. ... .. ... ... ...
Dysmenorthea ... ... ... .. ..._....... '
Exfolistive dermatophytosis
Ectropion, right eye
Asthma .. . . ... .. ‘
Benign hypertension with hesdache. ... .
Fungua infection, auditory canal . .
Trichomonas cyatitis. . .. ... . __ ..

Tines. .

Simpie headache
Acute bronchitin
Pomsible ruptured intervertebral dine
Fever of unknown ongn

Mongolian dwey

—m e - N o= e e e e = e () e e
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Table 1.5—Weight Cheages, Groups | ead I

Gaovr |

Number that gained we‘gln

Number that lost weighs .. .. ... .. ... .
Spread of lose (IB.) .. ... ... . ............

Gmovur 11

Spread Wl loms (b)) .. ... ... . ;
Percent of group that lost wetght ..........

Spreadofgain W) .___........ . ... ...

Percent of group that lost weight.___ ... ... .
Number that gaimed weight . _ ... ... ... ...

Averageloss (Ib)) . . ... ... ... .. ... ..

. _AQGE CATEOQORIES
i BENOW 7 YEASS | BELOW |6 yumre | ABOVE 10 YRARS
!

o 17 » »
S 4 s 14
R 5 3 35
__________ | as~100 0 5-10.0 -11. 8

13 19 3
......... 2 3 4
.......... 0558 65535 o -8
.......... e g 80 8
............ 7 . ]
__________ i 0 e 3
____________ . 27
..................... IRREERRRRRS -4
........... s .
__________ 32 2
......... 0 5-3 ____.-.-.-_-% Q40
__________ 88 ! o7

t

the third trimester. None of thess women had
abnormal symptoms referable to pregnancy,
and as far as could be determined, pregnancy
continued in a normal fashion. In CG.oup II,
one woman was in the second trimester. No ab-
normality was detected. Fetal movements were
unaffected in the individual in the third tri-
mester. The hematologic changes of the preg-
nant women are listed in Table 2.6. Two indi-
viduals in the first trimester had a marked de-
pression of platelets but at no time was there
any vaginal bleeding. So far, the exposure to
radiation has not had a deleterious effect on
pregnancy. At the 12 month reexamination all
of the above women had delivered. (One baby
was born dead : the others were narmal. In the
cu~¢ of the one still born, irradiation oc ‘urred
to the mother either before conception or early
in the first trimester.

2.8 Special Examination of Eyes

At it ano 6 Montis wn ophthabmolognist ex-
antnend the eves of all expumed individuais ¢ 10).

Table 2.6.—Biood Counts on Pregnase individuale

in Groups I and 11
i i . Lowase
Lowaee Lo Ngv
T rama QR N0
Coumy
b = ——- e e e — -

Gaove | '
Fimt 35 000 4,500 3 000
First 50, 000 5, 000 2, 500
Hecond . 150, 000 4, 000 3, VOV
Third . 120, 000 10, 000 7. 000

Grove 11

Recond 170, V0 7. 000 3. 200

No lesions ascribable to jonizing radiation were
seen. At 12 months slit lamp examinations and
photographic recordings of the cornes and lens
were mude on nonexpuomed, and on the Rongelap
people.  The incidence of acular lesions was not
different in the two groum (1)
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29 Seummary and Conclusions

Tnz CuxicaL Finpixes in a population acci-
dentally irradiated by fallout material from a
nuclear d~vice has been presented. The more
seriously irradiated individuals had initial
symptoms of anorexia, vomiting and diarrhea
which subsided without treatment within 2
days. The same individuals slowly developed
granulocytopenia and thrombocytopenia unas-
sociated with secondary complications. The
only other manifestations of radiation exposure
observed were skin lesions and epilation, de-
scribed in detail in Chapter III.  The incid: nce
of infectious and noninfectious disease in the
more severely exposed groups was no greater
than that in the least exposed group. If. after
irrndiation, the platelets and leukocytes fall in
s manner and to a degree similar to that ob-
werved here, it can be predicted that no hemor-
rhage or increassd susceptibility to diseases
similar to those observed in this study will occur
and that no special prophylactric measures will
he indicated. The use of prophylactic meas-
ures, however, should be evaluated in terms of
existing conditions. With the degree of hemo-
poietic suppression observed there is & possi-
bility of increased susceptibility to more viru-
lent pathogens than were present in this
incident.

10
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3.1

Fariour or Ramtoactive material commenced
approximately 46 hours after detonatiom of
the thermonuclear device. On the most heavily
contaminated island, Rongelap, the fallout was
described as & powdery material, “snowlike,”
which fell over a period of several hours and
whitened the hair and adhered to the skin.
Less striking fallout described as “mist-like™
was obeerved om Ailinginse and Rongerik
Fallowt was not visible on Utirik, which was
contaminated to only a mild degree. The se-
verity of the skin manifestations was roughly
proportional to the amount of fallout observed.
The population of the four island groupe and
incidence of the skin lesions were as follows:

Introductioa

3.2 Signs aad Sympsoms

maxe Tux Fiasr 24—48 bours after exposare,
about 25 pervent of the Marshallese in the two
higher exposure groups experienced itching and
a burning sensation of the skin. A few also
complained of burning of the eyes with lachry-

mation. These symptoms were present to s
lesmer extent in the Americans on Rongerik
Atoll who were aware of the danger, took shel-

ter in aluminum buildings, bathed and changed
clothen. These precautions greatly reduced
the subeequent development of skin lesions in
this group. The people on [tirik, the farth-
est from the detonation, had no early skin symp-

T :
Osot'y ‘ Compossrenx K Filiory Osssaves nm-._:"': Lamows 4x»
Roagelap . . . .. . 64 Marshailese . . Heavy (snowlike! ... . . Extensive
Ailinginae ... __. 18 Marshall s , Moderate (mistlike). . | Less extennive
Roagerik . . _. 23 White Americans ., Moderate (mistlike) .. . Blight.
5 NegreAmericans :
Curik ... . 157 Marshallese .. None . _..._......_.., No skin lesions or epilation.
- —

of exposed personnel to Kwaja-
medical facilities were available,
plished one to two davs after the
Decontamingtien of the skin was com-
menced aboard ship, and completed after ar-
rival at Kwajslein.

Skin examinations were carried out almost
daily during the first 11 weeks and then again at
6 months, 1 and 2 years after the accident. Ex
aminatiges of unexposed A merisams and native
personsel were aiso carried out fof compurative

Color photographs and biopsies of
Bvariom sages of development were

é "C...

¢-¢,"
C 3

taken.

>

toms.  All skin «ymptom« subsided within 1
to 2 days. Om arrival of the medical team on
the ninth post-exposure day, the exposed per-
sonnel appeared to be in good heaith. The
skin appeared normal. However, evidence of
cutaneous radistion injury appesared about 2
weeks after exposure when epilation and skin
lesions commenced. Krythema of the skin was
not observed either during the early examina-
tions when a priunary erythema might be ex-
pected, or later when a wecondary erythems
might be expected.

After subsidence of the initial skin symp-
toms, further symptorus referruble to the skin

n
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were sheent antil the visible lesions developed.
Dﬁqthuﬂymo{dﬁdop-mtolth
lesions, itching, burning and slight pain were
exper? with the more superficial lesions.
With desper lesions pain was more severe. The
hperfoutb.'n—mtbmuptinhland
cansed some of the people to walk on their
heels for several days during the acwte stages.
Some of the more severe lesions of the neck
and azilla were painful when turning the head
or raising the arms. The lesions did not
produce any constitutional symptoma.

3.3 Description of Skin Lesions®

131 Grom Appesrance

The time of appearance and the severity of
the lesions varied with the degree of skin con-
tamination in the different groups. The Ronge-
lap group, which showed greatest radioactive
contamination of the skin (according to instru-
ment readings) were the first to develop lesions
and epilation at sbout 12 to 14 days after the
accident. They also had the - st vevere lesiona.
Skin lesions in the lesser exposed Ailinginse
and Rongerik groups developed approximately
one week after those in the Rongelap group, and
were less severe and extensive. The Utink
group did not develop any lesions which couid
be attributed to irradiation of the skin. The
incidence of ulcerating lesions in the different
groupe reflected the relative severity of the skin
injury. Twenty percent of the Rongelap people
developed uicerative lesions while only five per-
cent of the Ailinginae and none of the Rongerik
people developed ulcerative lesions. Ninety
percent of the Rongelap and \Ailinginae groups
developed lesions, compared to only forty per-
cent of the Rongerik group. There were more
lesions per individual in the Rongelap group
than in the Ailinginae or Rongerik groups. A
comparison of the incidence and time of appear-
ance of epilation and neck lesions in the two
groups is illustrated graphically in Figure 3.1.

* The description of lesions refers to the Marshaliese
uniesa otherwise indicated.

Nurlynllofth\uiunmqmttymdb—
veloped on exposed parts of the body not cov-
ered by clothing during the fallowt. The ma-
jority of individuals developed multipie lesions
(particularly the Rongelap grmep), most of
which were superficial. There was s difference
ofmldnpintbht-tpwidbfmde-
velopment of lesions on various skin arees. The
order of sppearance was roughly ss follows:
scalp (with epilation), neck, asillary regiom,
antecubital fossse, feet, arms, legs, and trunk.
Lesions on the flexor surfaces in general pre-
ceded thase on the extensor surfaces. Tables
3.1 and 3.2 show incidence according to age and
time of appearance of lesions in the variows
growps.

In the early stages all lesions were character-
ised by hyperpigmented macules, papules, or
raised pisques. (Plate 1.) These frequently
were small, 1-2 mm. areas at first, but tended to
coalesce in a few days into larger lesions, with
a dry, leathery texture.

The pigmented stage of the superficial lesions
within several days was followed by dry, scaly
desquamation which proceeded from the cen-
ter part of the lesion outward, leaving a pink
to white thinned epithelium. As the desquama-
tion proceeded outward., s charscteristic ap-
pearance of a central depigmented area fringed
with an irregular hyperpigmented sone was
seen ( Plates 2and 3). Repigmentation began in
the central area and spread outward over the
next few weeks leaving skin of relatively nor-
mal sppearance. Plates 3, 4, 11, and 12 show
superficial lesions as they appeared initially and
six months later. The mildest manifestation of
skin injury was the development of a blotchy
increased pigmentation of the skin with barely
perceptible desquamation. Such lesions wers
most often noted on the face and trunk.

Epilation was usually accompanied by scalp
lesions (Plates 13, 17 and 19). Some indi-
viduals developed new scalp lesions cver a
period of about & month. Neck lesions usually
had a “necklace” distribution, beginning anten-
orly and spreading posteriorly. These were
more severe in women in whom thick hair

L
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Table 3.1.—Llesioss in Remgeinp Growp

‘ r—!um-n-o-wlu—u-nuu-—i

Mussas
Ty o Lamem -'-'v.:j
| i, | Bt A;nuov-l'r:-. o ey
Epilation
Iphes.. e 7.6 %4 128 17.3 17
Sphws .. aee ne %0 7 58 17.2 17
Iphee_ ... .- 538 20 .3 20 16
Totad . ... ._....-. 100. 0 721 70 [ & 16
Skin lesions
Anws-grela. .. . ... %4 00 0o 7.8 17
Boalp. ... .. ------ 100. 0 100. 0 37.0 Tl 18
Neek . ... ... .---- 0.2 7.9 680 703 2
Axilla ... .. ....-- 6L S 7.6 187 24 n
Antecubital Fosses _ _ . 07 4 M2 Mu4e F
Hande-wriste__._..... 7 no 18 4 3.8 3
Poot .. .. .. --- no 538 530 45.3 3
Arms. . ..o e- 183 18.3 103 128 31
Lege.. . .. .. .- .- 7.6 30 43 7.8 3
Trunk .. . . ... .....- 153 30 43 9.4 33
Nasil pigmentation. . l[ 6i. 8 100. 0 98. 0 ‘ 90.0 as

*Post-exposure days.

Tabie 3.2.—Lesions ia Ailinginse sad Rongerik Groups

Romosme 0800P (ANBREANS)

|
| AmInGak OBOC? (18 PRORLE) |
i (3 rRORLE)

Tyrs ov Lamon | - . \ :
7 or Torar . Mean Tiws | % or Tover Wrrm ! Muzan Ts

i‘WmL-o-n‘io':::':."'; Lassons ov:;;l.‘l-
o 1
Epilation 18. 7 7 | 3 See 42
I ! ,
Lesions of: ' |
Bealp and face .. ... .. i 389 f p 10. 7 , 32
Neck and shoulders ... | 610 7| 14.3 .
Back .. .. 1_ 00 o T T
Axilla. .. . L 12 24 35 B
Antecubital fossae N i1 | 2 | 20 P
Hand, wrist 56 | 38 35 B ¢
Feet. . ... . L , 67 | 33 | 3 b 43
Legs.. . o N s 1 w4 | a0 | ...
Nail discloration. . . ... 11 . 38 | 119 | 40
‘! i ' (All Negroes) ;
) l i

*Days post-exposure.
**()ne case claimed slight epilation.

tow
1 ]
1"
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towhed the nape of the neck. Neck lesions are
illastrated in Plate 1—4. Axillary lesions (Plate
11) wewally consisted of comlescing papules.
Antecebital fosss lesions were characterised by
formation of thickemed piaques. Seversl
babies and one women developed lesions in the
anal region which, though not deep, were pein-
ful dwe to excoriation of the epidermis. Thess
healed rapidly.

Deepes were seen on the scalp, neck,
fee! - vase on theear. They were char-
A by transepidermal necrosis with wet

,iamation Jeaving weeping, crusting ulcers-
tions. Vesiculation was not obeerved except
with foot lesions which developed bulise, fre-
quently seversi ce. “mn ters in diameter. benesth
thickened pigmen.  plaques. These foot
lesions occurred on the dorsum of the feet and
between the toes. (Omly one case showed des-
quamation on the soles of the feet.) After
several days the bullae ruptured and desqua-
mated leaving raw ulcers. Some of these
lesions, particularly of the feet, became second-
arily infected requiring antibiotics. However,
most of the lesions healed rapidly and new
epithelium covered the ulcerated areas within
a week to 10 days. Foot lesions are illustrated
in Plates 7~10. One ear lesion ( Plates 13-16)
took several months to heal.

The repigmentation of some deeper lesions
presented abnormalities. Neck lesions often
developed a dusky. grayish brown pigmentstion
associated with a thickened “orange peel” ap-
pearance. Histological appearance of epi-
dermal rugosity was also noted in these jesions
(vee section on histopathology). In addition,
the deeper lesions of the feet failed to repig-
ment, remaining pink or white. At examins-
tion 8 months and 1 vear after the exposure, the
skin appeared normal with no residual changes
in the vast majority of cases. However, some of
the deeper lesions continued to show evidence of
residual damage. Foremost among these was

the ear lesion which had hesled with consider-

able scarring, atrophy, scaling of the epidermis
and groes telangiectasis. By 6 months the hy-
perpigmentation and thickening of the skin of
the neck lesions had greatly subsided and by 1

year pigmentation changes were mild. Foot
lesions had not repigmented at sites of deepest
involvement and some strophy of the skin in
these areas was apparent.

3.32 Microscopic Appearsace

Biopeies were taken of seven neck, snd ome
axillary lesion in the Rongelap group during
the third to fourth week after exposure. At
the time of biopsy these lesions were in the hy-
perpigmented stage with little or no desquama-
tion. Most of the biopsies were taken from in-
dividuals with lesions of averags severity. A
second series of biopsies (repeats in three in-
dividuals) were taken from this group, 4 st
the seventh week and 5 at the eighth week post-
exposure. These were taken from the neck and
antecubital fousse. All of these lesions had
desquamated and the depigmented skin had re-
pigmented to s dusky. gray color with some
thickening of the skin (“orange-peel” appear-
ance), plates 25 and 27.  Hiopsies were not
taken from ulcerative lesions or from the feet
because of the dunger of infection. A third
veries of 11 biopsies were taken from the Ronge-
lap group at 6 months along with several con-
trol biopsies from unexposed natives. Material
was obtained in many cases ad)jacent to sites of
previous biopsies.

All biopey wounds healed rapidly within a
week to 10 days with no secondsry complics-
tions.

The microncopic findings are summarized as
follows :

First series—ird to jth week. F pidermia.
Transepidermal damage was noted with a few
intervening arcades showing less damage
{ Plates 21 and 22). The epidermis in the most
extensively involved nreus showed considerable
atrophy with flattening of the rete pegs and n
places the epidermis was reduced to & thickness
of 2 to 3 cells { Plates 21,23, and 24). The cells
of the maipighian layer showed pleomorphic
nuclei, pyknosis and cytoplasmic halos, giant
celis and in a few instances muitinucleated cells.
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Pykwesis of cells of the basal layer was com-
monly ssen. Focal disorganization of the
malpighian and basal layers was usually pres-
ent in the more extensively damaged srcades
(Plate 23). Cells laden with pigment were
frequently present throughout the epidermis
and intercellular pigment was noted in some
sections. The stratus. granuiosum was ususdly
atrophic or even absent. Imperfect keratiniza-
tion with parakeratosis was visible in all see-
tions. The stratum corneum was loosely fibril-
lated and hyperkeratotic.

The arcades of minimal damage were usually
found in arees where sweat ducts approached
the epidermis (Plate 22). There was an ap-
parent increase in the number of cells and mi-
totic figures along the neck of the ducts and
the adjoining areas where regenei.tion was
underway. In these areas the stratum granu-
losum appeared almost normal in width. In
contrast to the more severely damaged areas
where pigment was increased, these areas of
minimal damage showed an actual decrease,
heing almost free of pigment.

Dermis. Changes in the dermis were con-
fined largely to the pars papillaris and super-
fictal pars reticularis (Plates 21-24). Mild
edemna in some cases were noted. (Capillary
loops were often indistinet and when discern-
ible they frequently were associated with an
increased number of pericyter. The endo-
thelial cells showed swelling and were polygo-
nal in shape. Telangiectatic changes were
noted in these arens where the overlying epi-
dermis showed greatest damage which were
associated with nerivascular lymphocytic in-
filtration. Chromutophores, filled with mela-
nin were prominent in the superticial dermis.
The tine elastic fibrils running into the pars pap-
illarix were often altered or absent.

Little if any damage was seen below the
superticial pars reticularis. The hair follicies
were narrow wnd in most instances devoid of
shafts in this regnon. There was sone telangi-
ectasis of the capillaries and shight mononu-
clear cell nfiltration. Some of the large elas-
tic fibers in this region showed shyht swelling

in some casrs. No damage to fibrocytes or col-
lagen fibers was noted.

Second seriea—T7tA and 8tA rweeks post-es-
porwre. Epidermia. In genersl, reparstive
processes of the epidermis ha 1 p. uceeded, excopt
for a few persistent areas of atrophy with nar-
rowing of the epidermis and finger-like down-
growths of the stratum malpighii (Plate 27).
These changes occurred in areas of the greatest
narrowing of the stratum granulossm. In sech
areas the basal cells often showed increased pig-
ment. There were many outward epidermal
excrescences covered by thickened stratum eor-
neum, still loosely laminated (Plate 25), which
probably accounted for the “orange-peel” ap-
pearance of the skin noted grossly. In almost
all instances the basal layer was intact with lit-
tle or no disorganization. There were s few
scattered areas in which occasional epithelisl
cells with pyknotic nuclei and perinuclear cyto-
plasmic halos occurred in the malpighian layers
(Plate 26). There were occasional arcades in
which the epidermis and particularly the
stratum granulosum appeared to be widened.
These occurred primarily in relation to con-
tiguous sweat gland ducts where the latter pene-
trated the epidermis. .\ narrow zone of pars-
keratosis and amorphous debris was still present
between the stratum granulosum and the loosely
laminated stratum cormeum. The stratum
lucidum was not apparent.

Dermiz. The capillary loops in the dermal
papiline were not uniformly distinct. Pen-
cvtes remained in increased number but fewer
lymphocytes were present. (jenerally, there
was a slight telangiectasis of the capillaries in
the pars papillaris and the superficial pars re-
ticularis (Plate 27). There was some edema
of the pars papillaris (Plate 25). Scattered
pigment-laden chromatophores were irregularly
distributed in the papillary layer (Plate 26).
In some cases hair shafts in the superficial pars
reticularis were narrow or absent : in others the
hair shafts appeared normal. Small hair fol-
licles (Plate 25) and sweat ducts in some cases
showed mild atrophy.

v e————




PLaTE 1. —Early Ayperpigmented maculopapular neck

lestons at 15 days. Case 39, age 15, F.
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Prare 2.— Neck lemons at 28 days. Wet desquamation.
White color is calamine lotion. Case 78, age 37, F.

Prate V. Same caxe as in Plate 3 nir numths after

1 rposare Nevk has Aealed compieteiy.
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’ PPrare 3. — I aperpiamented raised plaques and hullae on PLATE 6.— Lettons 10 days later. Bullae have broken,
darsin of foet and toes at 28 days.  (ne lexion on left desquamation 1x exsentially complete, and lesions have 4
S <hoes dvepes tavolvement.  Feet were painful at Realed. + t no lunger painful. 3
this lime. '
'
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Piare T =Leciona B days later chorrnyg repr, nentation Pty % —Name o tor as on Plade 5. saxr montks later.
rreept Far i wear on dorsane of deft foo 0 at site of Fool irsons have aeated ek reprgmentation, ereepl §

, doepest eran, deprgmented <pote peeust in small areds where 'leeper

lrstons were,
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PLaTE ).—Fnot lexions at 29 days showing deeper in- I’LaTe 10.—Same case as in Plate !, siz moniks after
volvenent belween [st and 2nd toes, right foot. Case erposure.  Nuote persisling depigmenied areas where
26, aye 13, M. worst (exions were.

Pioare 1 —Frteneire iong an I3 ster nidd ’my al .;; Pover 12 SNange hoy o1« on PMath

Il «ir months after
e sl s posire e 26 vrpos are sy heasc s i w:lruu'lh H/ Aair.



Prath 13 —Desquamation of hack of scalp at 28 days.
Epintian oecurred earlier in desquamated aren. Note
ulceration of left ear.

PLaTE L4 —Same case.  Epilation back of head at 8

dayn.  Note pernistent ulceralion of left ear.
age 41, M.
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PLate 17 —Fpilation tn 7 yr. old yirl at 28 days. Piath 1R, —Same case as in Plate 17, «ir monthe after
Case 2. erposire showirny complete regrowth of normal hites
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PLate 20— (X100, HEE) Epidernas: Frtensir: (rana
epsdermal damage (with nlightly lees involved zones on
etther sude).  loosxe [amunation .7 stratum cornenm,
ahsence of stratum gran ‘osmum.  Parakeratini:ation
wilth erfolidion of pigment contatning crlix.  1risor-
yonization of the malpighian layer.  Dermin: Mud
edema of pars paprilurix with indetinct capdlary loopa.
Prrivasclur cellular infiltraie (ymphoegtes and niono-
nuclear phagocytea), in superfecad corvum with telan-
gieclasia.  (Case 20,

Prare 22. — (X100, & E) Epidermin: Arcades of mini-
mal damage orcur in relation (o exeretory ducta of aweat
glands. Stratum granulosum of ynod width and shows
scant aiteration. [ nderlying siratum malpighii shows
derrease 1n prgment.  [n the deeper portion of the ocer-
lying, looxely [(aminated slratum corneum moderale

amounts of pigmend, however, are present,  (Jne narrow
areade of more xevere transepidermal damage at (Re left
af the photonucroqraph shows alteration of the stratum
qran.doxum with intercellular vdeme, pyknosis, swollen
nurler, and pigment scattered (hroughout.  The latter
t4 expecrally dense n the comtiguous parakeratolic
materral.  Dermie. 1 mmlerate  celinlar  tnfltrate,
chiefly pert nxcular, 1« most promounced in the super-
ficial pars reticularis where there 1a @ mild telnngrertams.
Cuse 28,
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Prate 23 —(Vi, H&E) Transepidermal damage
with disrorganization of 1he malpighian layer.  Stratum
granulosum abzent. Maipighinn and basal layer only
two ta three ceils thick with esfoliation of pigment out-
ward toward parakeratinized zone adjacent to stratum
cormeum. Some pigment laden chromaiophoren and
Aistiocytes 1n parx papillaria of cortum. Laller 4s
edematous and infillrated hy moderate numhers of

('apilary

22 dayx post-ezposure

lymphocytes, and mononuclear phagorytea.
loops indistinct.

Case 28,
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Pooare 25— \ion HECE:

[TETE
teon af deatao corne o seith outienrd papriliczy projee

Lovxe tamina-

tiona and revailanl roagoae’’ appearance ~Niratum

granddosam of qood eilth. Buazal and  moal pighian
Nivgat cdema of

ecortam o wrth ol tebtgrectasen and xiijht ineriiase in

[ayers dixtinct wrth prgment present
perivaxciar | pmphoe lex and pericites, Nmall some-
what afrophie Rter ol oot ad jacent to sehaceous gigng

1 ol Paars o relie aargs

Prate 24.—(X190, HE&E) Transepidermal damage
torth disorganization of the maipighian layer. Slight
parakeratonia. Migration or erfolialion outward af
pigment.  Loonae laminalion of sirntum cornenum. Ihe-
men! laden chromatophores and histioryles 1n 2. perferal
pars papillaris af rarium. Marked cellular 1nflira-
tion and edema of pars papiilaria.  Shiyht telangrectaars
of s.uperficial para reliculuria.  (‘ase A3,

S and 26 153 days postexposire,

PLare 26 — U000, I F
()eensinonal

SName aa 25

Cnse 875,

prrinucirar cylopiasmic  Raloa aa mad

atraf.m frigrodonim Laarely lawinated 80 atum ror-
neam.  Pigment (aden chromatophoa.ix in ~uperficial
cortam along ceith weeaaional Lymphacgten and anono-

nuciear phagocyles.)
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(48 days post-ezposure)

Prarte 27.— (X100, HRE) (Case #1410  Narrow rugose
epidermis with papiilary ertensions downward of
atratum malpighii.  Latter are hearily ladem with

melanotic  pigment. Slight

telangiectasis of pars

paprtiaria and pars reticularis of dermis.  (ccasional
piyment laden chromatophores in superficial derma.

PLare 28 — X100, HHEED (Caw #3000 S months
post-erposure.  Nate the nutrkod fixe atrophy of the

stratum gramdocam accampaniod by narrow downard
proiongations of the hasal papitiae Vowlerate fr1a-
Larbatnee of keratontzation and moderate hiungi«‘cm.ux
are also sren.

Prare 2 — X, HEEY (Case #25) Sixr monmths

posl-erpuxre Viwterate focal atrophy of atratum
cornem. Paranuciear halos are present and areas of
Aeprygme ntadian are promainent. [ the dermiz a moed-
erite unmiformly  dustributed  telanqiectasis  1a seen.
There 18 alto a perivascular Adistribution of celluiar
inpitrate.
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Rintmimn of three pigwmented lesions were
taken from 2 of the wiute Amerwans of the
Rongerik group. Omly 1 of 3 showe evidence
of damage. which was <slight and confined to the
epridermis.

Third seri  —61A month poat-erposure. Nec-
tions of skin at this time revealed some changes
persisting in the epidermis and to a lesser ex-
tent in the dermis (Plates 28 and 29),

Fpidermis. The following changes were
found to varying degrees: focal atrophy of the
stratum granulosum: slight focal pigmentary
disturbances in cells of the basal layer; slight to
moderate hyperkeratinization; and shght dis-
turbances in polarity of epithelial cells in the
still persistent basal papillary projections.

Dermin. 1n the dermis, telangiectasis super-
ticially persixted from a slight to moderate de-
gree in mont of the sections, and contributed the
only abnormality noted.

3.33 Epilation and Nail Pigmentation

£ pilation. The incidence and time of appear-
ance of epilation in the various groups 1s illus-
truted 1n Tables 3.1 and 3.2, and Figure 3.1,
Epilation was first obmerved of the fourteenth
post-exposure day in the Rongelap group, and
somewhat later i the other groups. It was of
a spotty nature and was contined almost entirely
to the head region. Fpilation was divided
arbitrarily into 3 degrees of severity. “i+ "
inclicnted Joss of hair without obvious thinning
"2+ " indicated loss of hair sufficient to cause
thin spots: and “3+7 indicated an extensive
epilation with bald spots. Table 1 illustrates
that there was a greater degree of epilation in
the children (0 to 15 vears), with over Y% per-
cent developing epilation to some degree as
compared to only 2% percent in the older age
group. The preponderance of scalp lesions in
the areas of epilation indicated that radiation
from the fallout material on the skin was pri-
marily responsible for the epilation. (nly three
cases of mild epilation developed in the
Ailinginge cnildren, and questionable epilation

ocvurred i one of the Americans, charscteriand
by b DaIF Dp e it Tithom? sreae
of alopecia.

Hegrowth of hair in all inividuals com
nenced e ime during the third month after
expomure. .\t the § months” esamination com-
plete regrowth of hair, normal in color, testure,
nixl ubundance had taken place. Plates 11315,
17, 1%, and 19 show epilation and regrowth of
hair.

Nail Pigmentation. An unusual observation
was the appearance of a bluish-brown | “ginenta.
tion of the fingernails which was tirst well docu-
mented on the 23rd post-exposure day. The dis-
coloration began in the vemilunar area of the
fingernails (to n lewser extent in the toenails),
and spread outward sometinmes in streaks. A
the discolored area grew distally the senulunar
area usually became clear. Plate 20 shows pig-
mented bands in the nails at 77 days. At wix
months, pigmentation had grown out with
the nails, and was no longer evident except in
three cuses which stil) showed pigment at the
distal end of the nail. The pigment was on
the under side of the nail plate. Discoloration
of the nails wax seen in a large proportion of
the two higher exposure groups (Tables 3.1 and
3.2). The phenomenon appeared to be a radia-
tion response peculiar - the dark-skinned races
since it was seen in a. of the exposed American
Negroes and none of the white \mericans sup-
posedly receiving the same expasure.  This
lesion was not obmerved in the Utirnk people or
in unexposed Marshallese. Since the nail pig-
mentation oecurred in individuals wathout <kin
lesions, it appeured to be the result of s more
penetrating gamina component of radiation.

3.4 Therapy

Tur Treatment Or the skin lestons was
largrely non-specific. Most of the superficial
lesions were trented with ealamine lotion with
one percent phenol, which 1n most cawes re-
lieved the itching and burning. A few of the
hyperpigmented lesions not relieved by cala-
nnne with phenol were treated with pontocaine
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vintment, with apparent sucrces  Whei the
epithelium was dewjuamating, all lesions were
treated by ddaily washing with soup and water
followed by the application of a water soluble
vanixhing type owmtment which kept the -
jured xkin soft and plinble. Raw areas, which
became secondarily infected, were clennved
with soap and sureomycin ointment was ap-
plied. Bullous lesions of the feet were left in-
tact ax long as no symptoms were present. 1f
painful, the fluid was aspirnted with sterile
technique and a pressure dressing applied. A
single aspiration was adequate since the bullse
did not refill. [n one instance, an extensive,
raw, weeping ulcer developed for which peni-
cillin was given for two days. During this
time the lesion developed healthy granulation
tissue, Some of the lesions of the skin of the
foot remained thickened and less pliable after
desjuamation. This was relhieved by the use
of vaseline or cocon butter to soften the tis-
sues.  The one per<istent enr lesion did not
henl after desquammtion. Thix wax treated
dutly with warm boric acid compresses and
washing with surgieal soup to remove the
eschur. Slowly, regenerating epithelium grew
in foom the edges of the ulcer. Upon reexam-
ination, 6 months after exposure, henling was
complete with a depigmented sear remasining
as evidence of the previous uleeration,

3.5 Factors Influencing Severity of
the Lesions

3591 Charscter of the Fallout Material

This materinl was composed mainly of eal-
e oxide frome the nemerated coral, with
adherent tission products. Fifty to eghty per-
cent of the beta ravs emanating from this ma-
tertnl durine the exposure peruxl had an aver-
npe energy of about 100 kev. Nince 8 mi-
crons of tissae produces Ho percent attenuation
of such radintion (1), a greater portion of
energy wus dissipated 1 the epidernns which
is roughly 40 to 70 microns in thickness. The
remaining 20 to 50 percent of the beta rays had
an average energy of approximately 600 kev.

The latter would penetrate well into the dernus
sinee 11 takes M8 guerons of tissoe to prndulv
2 pervent attennation of this energy radiation
12y, In addition, a wide spectrum of
gnmtna energiex irradiated the kin. The
ganimm contribution to the skin was small
compared 1o the beta dose and is disenssed in
Chapter .

3.52 Doee to the Skin

The skin lesions observed resulted primarily
from beta radiation from fallout material de-
posited on the skin. The gamma dose to the
skin was small compared to the beta dose, and
thus relatively umimportant in producing the
lesions. The summation of gamma and bets
contributions to the skin is considered in Sec-
tion 1.3. In general it is evident that skin in-
jury was largely produced by material in con-
tact with the skin. The total surface dose can-
not be caleulated with accuracy but minimal
and maximal values at various depths in the
skin can be estimated biologically. Hair fol-
hieles i the arens in which eptintion occurred
must huve received n dose in excess of the
known nunimal epilating dose of about 400 r
for 200 kvp X-ray. Nince regrowth of hair oc-
curred, the upper linnt of dose at the depth of
the hair follicle must not have exceeded the per-
manent epilating dose of around 700 r of 20
svp Xeray (3). From this a rough idea
of surface dose may be made. .\ dose to the
liir follicles comparable to #0500 r of X-
radintion must have been due aimost entirely
to the more penetrating beta component {aver-
npre energy, i) kev). Therefore, the minimal
surface dose 1n rep from this component alone
was probably four to five times the dose at the
huir folhicle, 1. e, roughly 16003500 rep.
The soft component (average energy. 100 kev)
contributed a considerably larger share to the
surface dose but with only shight penetration.

3.53 Protective Factors

The following factors provided some protec-
tion:
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a. NAelter. Those individuaix who remained
indooex o under the trees during the fallout
period developed less severe lesions.

b. Bathing. Small children who went wad-
ing in the ocean developed fewer foot lesions.
Most of the Americans. who were more aware
of the danger of the fallout. took shelter in
aluminum  buildings, bathed and changed
clothes and consequently developed only very
mild beta lesions.

v. Clothing. \ single layer of cotton material
nffered almost complete protection, as was
demonstrated by the fact that lesions developed
almost entirely on the exposed parts of the body.

.54 Factors Favoring the Development of
Lesions

w. Areas of maore  profuse  perspiration.
[esions were more numerous in areas where
perspiration 1s abundant such as the folds of the
rock, axillne, and untecubital fossue.

b, Deluy in decontamination. There was a
lelay of 1 or 2 days before satisfactory decon-
tannnation was posable.  The prolonged con-
tuet of radionetive materials on the skin during
this period incrensed the dose to the skin.
However, the dose rate fell off mpidly and de-
comtamimantion would have had to be prompt in
order to honve been most eifective.

oo D enitiein decontamination.  The thick
hair, anointed with a heavy coconut-oil dress-
ing, resulted in heavy contamination.  Decon-
tamimation of the head was slower than for the
other parts of the body and may have enhanced
the development of epilation and scalp lesions.

3.6 Lack of Correlation With Hema-
tological Findings

ArrEdPre WeRe Mabe to correlate the severity
and extensiveness of skin lesions with hemato-
logic findings for individuals in the Rongelap
group.  No positive correlation was found with
depression of any element. Thus, the contami-
nation of the skin apparently did not sig-
mficantly contribute to the total-body dose of
radiation.

3.7 Discussion

Turar. Has Berx little previous experience
with radiation dermatitis remulting from ex-
posure to fallout material from nuclear detona-
tions, and the general consennus, until this event,
has been that the hazanl from fallout material
was negligible. From the prevent expeiience
it is evident that following detonation of a large
scale device close to the ground, serious ex-
posure of personnel with resulting radiation
lesions of the skin may occur from fallout
material, even at considerable distances from
the site of detonation. This incident is the firm
example of large numbers of radiation burns of
human beings produced by exposure to fall-
out material. With the Hiroshima and Naga-
saki detonations fallout was not a problem since
the bombm were detonated high in the air. The
flash burns of the Japanewe were due to ther-
mal radiation only.

Following the Alamogondo atomic detona-
tion, a number of cattle grazing near the pont
of detonation developed lesons on their backs
due to the deposit of fallout material (4). Also,
following u detonation nt the Nevada Test Site,
sixteen horses near the Tesxt Nite developed
lesions resulting from fallout depomit on theiwr
backs (5).

Knowlton ¢¢ af. (6) described burns of the
hands of four individuals who were handling
fission product material following detonation
of w nuclear device. These burns were due
largely to beta radiation. The gross lesions
of the hands occurred from an exposure of
about 1 hour, resulting in doses between 3,000
and 16,000 rep of beta radiation (mazximum en-
ergy about 1 Mev) with a small gamina com-
ponent considered to be msignificant.  The
lesions were described as developing in four
phases: (1) An imtial phase which began al-
most immediately after exposure and consisted
of an erythema with tinghing and burning of
the hands, reaching a peak in 4% hours and sub-
siding rapidly so that by 3 to 5 days there was
1 relative sbeence of signs and symptoms; (2)
A second phase which occurred from about the
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third to the sixth or eighth day, sid was char-
acterised by a more severe erythema: (1) The
third phase at 8 to 12 dayn. wur charactenaed
by vesicle and buliae formation. The erythema
spread to new areas during the following 2
weeks, and the active proces subsided by 24 to
32 days. The bullae driest ep, and desquama-
tion and epithelization tixk place in lem
severely damaged areas; ({) The fourth phase
or chronic stage was characterizei by further
breakdown of skin with necrosis 1n areas which
were damaged sufficiently to compromise the
biood supply. Atrophy of the epidermis and
loss of epithelial structures took place, which
necessitated skin grafting in some cases,

Robuinsa ¢t a/. (T) reported six cases accident-
ally exposed over much of their bodies to scat-
tered cathode rays from a 1200 kv primary
beam with exposure time of about 2 minutes
and & rough estimation of doee to the skin of
between 1000 and 2000 rep. The lesions de-
wribed were similar to those reported by
Kuowiton ¢t a/. with a primary erythema de-
veloping within 36 hours; secondary ervthema
with vesiculation and bullue formation ap-
pearing about 12 to 14 days Inter: and, in the
more severely atfected, a tertiary phase char-
acterized by further breakdown of the skin.
[n compurison with severe roentgen ray reac-
tions these investigators stressed the unique
peridhicity of cathode ray burns, relative ab-
sence of deep damage to the skin, less pain,
greater rapidity of healing, and absence of
pigmentation.  These points would apply to
the Mauarshallese lesions except for the multi-
phasic renctions und absence of pigmentation.
Crawford (%) reports u case of cathode ray
Lurns of the hands which were similar to those
described by Robbins ¢# af.

Expertmental betn radiation burns in hu-
man beings have been reported by Low-Beer
(" and Wirth and Raper (10). Both inves-
tigntors used 17 disex applied to the fexor
surfuce of the arms, forearms, or thighs for
varying lengths of time. Low-Beer reported
“monophasic™ skin reactions.  He found that a
caleulated dose of 143 rep to the tirst milli-
meter of skin, ignoring self-nbsorption, pro-

dwned a threshald ervihema. Dry, scaly, des-
quamation was produced by 720 rep in the
firt willimeter and bullows, wet desquamation
war produced by (7,000 rep to the tirst nulh-
nder.  Fryvtheinn developed in 3 to ¢ days,
iollowed later by pigmentation and desquama-
tion with higher doses. KRerovery was ob-
rerved with dowens of 17000 rep.  The lesiona
Inter shaowed depigmenial centers with hyper-
prgmented edges (also seen in the prevent
CRNeN ).

Wirth and Raper (10) produced primary
erythema within 6 hours after exposure to a
dose of 635 to 1180 rep of P* radiation. Mi-
nute vesicles with dry, spotty desquamation
were noted with 1180 rep at about the tifth to
sixth weeks poet-exposure.

Twenty-three Japaneses fishermen were ex-
posed to the same fallout material which in-
volved the Marshallese and Americans. There
were many similarities in appearance of skin
lesions that developed. Pigmentation was also
common in the Japanese and some degree of
erythema was reported (11) which was not seen
in the Marshallese. Distribution of lesions was
not the same due to ditferent parts of the body
being protected by clothing. For example, in
the Japanese scalp lesions and epilation were
more common on the crown of the head since
handkerchiefs were usually worn around tne
head leaving the crown exposed. Shoes pro-
tected the feet of the Japunese, but lesions of
the hands between thumb and index finger were
common, apparently due to handling contami-
nated tishing lines.  Lesions with belt line dis-
tribution oceurred in the Japanese fishermen
but not the Muarshallese. Similar mild lesions
were observed on several American sailors who
were on ships of the task force exposed to fall-
out.  From available information. the severity
and course of the lesions in the Japanese tisher-
men appeared to be sinilar to those seen in the
Rongelap Marshallese group.

The lesions in this report did not follow
precisely the same course as those beta radintion
lesions described by Knowlton, Robbins, and
others (6-10) and they presented certain unique
fentures which merit further discussion.
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The early symptome of itching and burning
of the xkin and even were probably due mainly te
&in irradistion frew the fallowt material
However, the chemical nature of this material
miay have ~ontribated to the irritation. It has
Leen noted (12) that irritating chemicals ap-
jiind during or shartly after irradiation em-
hanece the effects of radiation.

The lack cf pivininence of an erytheun wan
notable. particularly in view of the reventy of
woome of the lenionx that developed. Wilhelmy
(13) states that erythema only occurs when the
dove reaching the papillary layer exceeds a cer-
tain level. Perhaps due to the low energy of
the beta radiation the dose to the dermis was in-
sufficient to evoke the response. On the other
hand. the darkness of the skin and the develop-
ment of hyperpigmentation may have masked
an ervthema. Microscopically, a superticisl
hyperemia was not prominent.

Wirth and Raper (10) point out that they
were impressed in their studies on P 2 radiation
of the human skin with the dificulty of distin-
guishing between true eryvthema and tanning,
particularly in the skin of brunette individuals.
[t was unfortunate that color filters were not
available to aid in distinguishing an erythema
as sugested by Harris o# al. (14).

In general, the length of the latent period
before development of lesions of the skin is con-
sidered to be roughly inversely proportional
to the dose of radiation (15, 16). In the pres-
ent series of cases the relatively long Intent pe-
riod is suggestive of a low dose of radiation.
Due to the wide spectrum of beta energies and
particulate distribution of rudiouctive materisl,
strict comparisons cannot be made with pre-
vions experience. However, the later develop-
ment of less severe lesions in the Ailinginae and
Rongerik groups as contrasted with earlier de-
velopment of more serious lesions in the Ronge-
lap group is in keeping with a lower skin dose
in the former, and a higher skin dose in the
latter. It is of interest, however, that the latent
period  was dependent to some extent on
anatomical location.  The foot lesions, which
were generally the most severe lesions en-
countered, had a longer latent period than did
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the lews @vere lewmons xcvurring ehewhere on
the body. It ix kgienl to asmume that the feet
received a higher dowe of radiation beeawe of
proximity to the ground and this amy explam
the weverity of thewe levions. The longer Inten.
period (desipte higher dove of rudiation) may
he related 1o thicknes of the eputermm, (f-
fereucen in length of mitatic cvelen or other
inherent charscteristies of skin in different
areas of the body.

The hitopathological changes noted, such as
destructive and atrophic changen of the epi-
dermix, disurbamnces in kerstinization, and
atrophy of hair follicles, when taken together
are consistent with radiation injury to the skin
(9, 12, 17, 18, 19, and 20). Severe injury to
the dermis and blood vessels wan not vbwerved.
The minimal dermal injury with severe epi-
dermal injury is in keeping with the large com-
ponent of low energy beta material present. re-
sulting in absorption of the greater portion of
the energy in the epidermis.

Hyperpigmentation of injured areas was a
consistent finding in the Marshallese and the
Ameriean Negroes. PPigmented lesions were
niso observed to a lewer extent in the white
Americans.  Such pronounced pigmentation is
not characteristic of the usual lesions s de-
wribed following exposure to beta or pene-
truting radiation, but may be more tvpical of
the response to ultra soft roentgen or “(irenz
rays” (21).

There 1~ no satisfactory explanation for the
darker dusky-gray color that appeared in some
of the skin lesions as henling progressed. Vas-
cular changes or pigment aberrations might
have been responsible. The return to near nor-
mal i this pigmentation by 6 months showed
the transient nature of thix change. The con-
tinued nheence of pigmentation at the site of
the deeper foot lesions at 6 months and 1 year
Inter suggests that the pigment-producing ele-
ments 1n these areas were permanently dam-
nged.

The unique features of the lemions sich ax
the marked pigmentation, the slwence of obvi-
ous multiphasic response, the long latent period,

e
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and the wvere, sputty epidermal injury with
minimel dermal injury are natable. The par-
ticulate nutnre snd uneven distribution of the
falluet materiai was responsible for the spotty
nature of the jentone and, the large componen:
of sk energy besta radiation was responsible
for (he greater epiiermai injury. (e promi-
nence wl{ pigmentary changes i probably re-
Iated te race.® [t i generally conceded that
blondden with light pigment are imore sensitive
to radiation than brunettes (17). Lamly it ix
quite evident that senmitivity amnd response
varied with anatomic location.

In Table 1.3 are listed the approximate sur-
face skin dosen required to produce recognizable
epidermal injury from beta radiations in ani-

in comparing snimal lewions from known Jdones
with lensons in the expowed individusin in ths
wudy in order to estimate the skin dive, since
specien differencen in respoone may exmt, amd
certain radiation factors are not well ewtab-
limhed, surh a8 sccurate knowiedge of the bete
sectram of the fnilout materiai amd tome 1 °e,
Comparnon with human data suffers from wide
differences in radiation energy and dowes re-
ported snd methunin of determining the rep
dowe.

The low incidence of infection of the radis-
tion burns in probably due to their superticial
nature. Ulceration and partial healing pre-
ceded the time of minimal granulocyte counts.
It is conceivable, however, that with higher

Table 3.3.—Surface Doses Required to Produce Recognizesble Epidermal lojury
AvBRAGR
(nysamOATOR Aniwal 1s0vors Exgacy Ararace Doss (RR?)
(Msav}

Henshaw, et al (22) Rats. pe 0.5 1. 5004, 000
Raper and Barnen (23) " Rats . P 05 4, 00O
Raper and Barne= (23) Mice . p= (1.3 2. 500
Nnider and Raper (24) Mice pe 0.5 2. 500
Raper and Barnes (23) Rabbita pu 0.5 5, V00
l.ushbaugh (25! Sheep N 0.3 2. 500-5, V0O
Moritz and Henrighes (26) Pign 2ad 0. 05 20, 000-30, 000
Morits and Henrigaen (26) Pign Co™ 0. 01 4, 000-3, 00U
Monta snd Heunguen (26) Pign ey 0.2 2, V00-3, VOV
Montz and Henriquen (26) Pign Sree U3 1. 500-2, 000
Morits and Henrigues (26) Pign " 0.5 1, 500-2, 000
Morite and Hennques (26) Pign Y 0.7 1, 500-2, 000

mals. It is apparent from the tuble that bets
ray energy is of considerable importance in de-
termining the degree of injury. According to
Moritz and Heunriques, the difference in dose be-
tween that required to produce threshold skin
dumage and that for permanent damage in pigs
I 300 to 1000 rep (26). One ix not justitied

* Reported clinical experiencs with radiution skin
lesioon s bhased predominantly on the response of
white-skinned people, whervan the lemiona dewcribed
berein were observed primarily in the Marshaliewe,
a highly pigmented peopie,

doses of whole-body rmdintion, the defenses
against infection might have been sufficiently
impaired to have resulted in serious complica-
tions from skin lesions of the severity encoun-
tered.

Nevere radiation injury is known to predis-
pose to cancer. The probability of the develop-
ment of malignancies at the site of healed le-
sions is unknown. Certain factors appear to
dec. -nve the probability: () The majority of
the lesions were superficial. (b) Visible signs
of chronic radiation dermatitis are absent in
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the vast majerity of casss. Nwch changes have
boon gonernily shuerved prior 10 the develop-
ment of radiation cancer. (c) The lack of any
merind histological demage § months after ex-
posure implies geod repair. (d) Nince low en-
ergy radiation was chiefly rvapansible for the
driv losimn. the ronmmemie srnears hetter ho.
cnwe nowe of 1,168 individuals expused to low
veltage X-ray for dermmatologicsl conditions
developed epidermoid carcinoma 5 to 33 years
after treatment (27). (¢) Furthermore epi-
theliomata rarely develop after a single doee
of radiation to the skin (12). (f) Lastly the
incidence of skin cancer in Negroes is one-sixth
to one-ninth the incidence in ("sucasians (28)
in the United States.

Other factors make the outlook less favor-
able: (a) Deeper lesions of the feet and neck
continved to show pigment aberrations and
slight atrophy at 1 year, and one severe ear
lesion showed marked atrophy and scarring
at this time. (b) It is not known whether or
not radiation of the epidermis per ¢ can predis-
pose to malignant change.  Since the epidermis
was heavily irradiated in these cases, compared
to the dermis, this becomes an important con-
sideration. (c¢) Since many children and
young adults were involved, the life expectancy
of a Inrge number of the individuals will exceed
the long induction period for the development
of radiution cancer observed in radiologists.
(d) Exposure to tropical sunlight, potentially
carcinogenic in itself, may increase the proba-
bility of neoplastic change. (e) The influence
of the sublethal whole-body exposure received
by these people oun induction of skin cancer is
not known,

The occurrence of epilation 2 to 3 weeks after
exposure corresponds roughly to the time of
appearance of epilation in the .Japanese exposed
to gamma rudiation at Hiroshima and Nagasaki
(29, 30).  Since the greater amount of epila-
tion occurred over a period of a week to 10 days
there was apparently no phasic response de-
pendent on the growth cycle of the follicles (in-
active, or telogen and active, or anagen follicles)
as has been reported (31, 32).

The regrowth of hair, beginning sheat 9
weeks after exposure in the Marshallosr, was
at shout the same time as noted in the Japanses
fisherman (11). and sligitly later than the time
of regrowth (6 to ¥ neeks) noted in the Japa-
nese bomb casusition In contrast to the
irradiated skin of *he Marshallese, thete wore
no pigwment sherrations in the new hair, which
was cbaeeved to be of normal testure and abun-
dance at 6§ months. Increased graying has been
reported in animals (33-38) but has not been
seen in human beinga. Neither was there any
appearance of dark hair in aged individusls
who already had gray hair as has been reported
In human beings (32, 37, and 38). In the Japa-
nese bomb casuslties (30) and the Japenese
fishermen (11) the new hair was also normal in
color, texture, and abundance.

The nature of the bluish-brown transverse
bands of pigmentation that developed beneath
the nails is not known. Since it occurred in
the majority of the more heavily exposed Mar-
shallese groups and in all 5 of the American
Negroes, but none of the white Americans, it
appeared to be u response peculiar to dark-
skinned races. The phenomenon was sppar-
ently produced by gamma radiation with a dos-
age as low as 75 r sinee this was the estimated
dove that the American Negroes received in the
absence of significant contamination of the
hands.  Sutton (39) has reported a case of simi-
Iar fingernail pigmentation which developed in
n negress, following 150 v of soft X-irradiation
to the hands.

3.8 Summary

FoLiowing THE DvToNATIOR 0f & thermonuclear
device signiticant amounts of visible radioactive
materia] were depasited on inhabited atolls pro-
ducing skin lesions, whole-hody radiation in-
jury and some internal deposition of radionu-
clides. The skin lesions in the more heavily
contaminated groups were characterized by
itching and burning of the skin for 2448 hourn.
Epilation and skin lesions were obeerved, be-
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brown to black macuive, papuiss. and raised
piaques. The L ions develeped lnrgely on the
expussd parts of the body wot protecied by
clothing, and orcurred neually in the fullowing
order: sculp (with epilation), neck, axilise,
antecubital fosane, feet, limbe, and trunk. Epi-
lation and lesions of the scalp, neck, and foot
(dorsal surface) were the most common. The
majority of lesions were superficial without
vesicle formation, and after simple dry desqua-
mation healed and repigmented. Approxi-
mately 20 percent of the people in the highest
exposure group developed deeper lesions, usu-
ally accurring on the feet or neck and charac-
terised by wet desqnumation with ulceration.
Mild burning, itching, and pain accompanied
the lesions. The majority healed rapidly with
non-specific therapy. Residual pigment aber-
rations consisting of hyperpigmentation and
Inck of repigmentation and mild atrophic
changes were noted in some deeper healed lesions
at aix months and one year. Regrowth of hair,
normal in color and texture, hegan about 9 weeks
post-exposure and was complete at 6 months.
Biopsies of typical lesions at 3 to 6 weeks showed
changes consistent with radiation damage with
marked epidermal damage and much less severe
dermal damage. Biopsies at 6 months showed
only & few residual changes. The nail discolora-
tion had “grown out™ completely at 6 months in
all but a few individuals
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4.0 Iseroduction

Fussowina vve Derox anion of a nuclear device
at the Pacific Proving Ground 1n the Spring of
1954, 28 Americaas and 239 Marshallee were
ovrnasd tn fallowt rediations. Sixty-four of
the Marshallese on Rongelap atoll (Group |
received an estimated 175 r. of gumma radiation
as measured in air; 1% Marshallese on Ailhing-
inae atoll (Group 11) received 69 r.: 28 Ameri-
cane on Rongerik atoll (Group 111) received 78
r.: and 157 Marshalleve on Utirik atoll (Group
IV) received !4 r. Detailed history of the
event. as well as clinical and internal contamina-
tion tindings are reported respectively in Chap-
ters I, TI and V. This chapter presents the
hematological tindings in the exposed individ-
uals during the first 11 weeks, at 8 months, and
at 12 months after exposure.

Since it is generally agreed that the degree
of change in the formed elements of the blood
is the most useful clinical index of the seserity
of radiation damage, peripheral blond changes
were relied upon as a major aid in evaluating
the degree of radiation injury in each exposed
individual. In addition, changes in the mean
blood counts of the exposed groups were fol-
lowed closely to aid in evaluating the changing
status and probable prognosis of the exposed
groups. Thereiore, emphasis was placed on
standardized systenmtic serial determinations
in order that individual and group trends could
be evaluated adequately. Since it was neces-
sary to observe the lurge number of exposed
individuals at frequent intervals, the number
of different procedures that could be done was
necessarily limited. Determinations empioyed
were chosen on the basis of known clinical value,
and euse and rpidity with which they could be
done reliably under tield laboratory conditions.
Accordingly  coagulation  and
studies were omitted.

An extensive literature exists on the hema-
tologic effects of radiation.  These data, and the

hochemical

difficultien attendant on comparing them with
the preent results are discumwed later in this
report.

4.1 Mcthods

Hexoamsaoican Exami¥anoss [xcioses total
leukocvte, neutrophile, Iymphocyte and plate-
let counts, nnd hematorrit  determinations.
Whenever possible, an eutire exposure group
was studied in & single day with 2 days oc-
casionally required to complete the Iarger
gronps.

Capillary blood, usually obtained from the
finger and rarely from the heel or ear was used.
Two pipettes were filled for both the lenkocyte
and platelet counts. From each pipette a
single hemoeytometer chamber was filled. All
pipettes were rotated for 10 minutes, and the
cells were 1llowed to settle for 10 minutes in the
hemocytometer chamber before counting. A3
percent acetic acid diluting fluid was used for
totul leukocvte counts.  The blood was diluted
with 1 percent ammonium oxalate for platelet
counts and counted in Hat bottom hemocytom
eters using a dark phase contrast microscope
(1). Two blod smenrs were made using a
beveled end glass shide for spreading.  One
Blood smear was tixed in methyl alcohol. The
other wns stained by Wright's method, from
which a 100 cell differential count wax made.
Hematocrits were performed nsing heparinized
capillary tubes.  One end of the capillary tube
was heat senled and the tube was centrifuged in
noeapillary centrifuge at 12,40 rpm for 5
mintes,

Fvery effort was made to maintain uniform
procedures in every phase of the Iaboratory
work.  The number of personnel changes for a
given procedure was held toa minimum; per-
wonnel drawing blood from a single puncture

+5
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were suffrient in number to sllow all samples
te be talwn in rapid succension, and time inter-
vals were rigndly comtrolled.

4.2 Meshods of T cating Data,
Control Groups

Pz F.xrone sz Buee counts were nat available
an the expomsed Marshallese or Americans:
Lenor the individuate cantd nt he vand s their
own controbs.  In order to estimate the wverny
of the hematologne response 1t wan ecesary to
entablish control groups as comparable as poe-
sible with respect to age, mce, sex, background
and habits. .\ control group of 115 Marshal-
lese from Majuro atoll (Control Group \),
comparable with respect to nge and sex to ex-
posure Group I was obtained during the initial
observation period.*  For comparison with the
exposed Americans, blood counts were done on
approximately 8% American men on duty at
Kwajulein. Al who had not been on duty in
the tropies for more than 2 months were ex-
cluded, <inve the exposed Americans had been
in the aren for that perioxl of time before ex-
posure.  In addition, severnl who were recently
nssociated with radioactive materials were ex-
cluded.  The resulting sinller proup of 67 was
used as the Kwa)-American control gronp.
Data from the control group A were ex-
amined to determine the ne nod <ex dependency
of the several hematological determinations.
To obtuin vahied comparisons within and among
the various exposure groups, the age and sex
dependencies noted for the control groups were
tuken into account.  Although ench individual
in all groups was studied hematologically, those
Marshallese with sertous long-standing diseases
were umitted from the nnalysis. .\ total of two

*A second contral group of K2 Marshaliene from
Majure atoll (control Group By were obtatned during
the 8 month medical resurvey. While data from thene
individuaia are given in this report, they are not nsed
fur comparisons becanne of 8 measies epidemic during
the resurvey.,

from (GGrowp \ and two from comtral Grewp B
were omifted on this basm

In the following descriptions and compan-
sunx of the data. hndings in the e3 paned gronps
are frequently expremsed in termn of percent of
the appropriate age and wex control greap. It
shonid be noted, however, that in sheervationsl
sudien of thix kind, wabnewn ferters cowuld
pesswild y accwunt for pert of the diffe rences notrd
hetireen the romtrel and repeewre growups rrem

R L IR L e e R
Lot cosmporriehle control grovps. In addition, it
was Dot pummible to obtain nwre than a single
hleunl ample on each control individual. For
thewe remsons, statistical tests of «wgmificance
were applied mainly to time changes within an
exposure group, and nat to differences bet ween
coutrol and exposure groups.  For the purpose
of detecting sigmificant changes in the hemato-
logical pattern, nonparanmetric tests (i. e., statis-
ticnl tests for which it is not necexaary to apecify
the functional distribution of the variate under
study) were used (2-7T). The advantages of
nonparametric methods have been summarized
by Moses (¥).

4.3 Hematological Findings, General

Ix Taarze 4.1 ure shown for control group A, by
age and wex, the mean valdues for the total white,
nentroplule, Ivinphiocyte nnd platelet counts, as
well us for the hematoerit.  The age and sex
breakdown used for comparisons among ex-
posure o oups is shown in Table 4.2, [n this
hreakdown the age and sev dependencies noted
for the Marshallese control groups were taken
into account insofar as wax practicable. It
should be noted that the Giroup B control values
( Tuble 4.1) agreed clovely with the Group A
ontrol data.  To allow additional comparison
hetween effects on children and adults, the neu-
trophile counts were arbitrarily separated into
the age gronp= nsed for the lymphocyte counts.
Monocytes and eosinophiles were broken down
also into the same age groups. The age and

.
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Tebie 4.1.—Hemasoiogical Reswies, Marshalisss Comtrol Groupe
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wex dependency of thew endpoints are con-
parable to that in published data (9.10), with
the exception of the platelets, on w hich previous
comparuble data were not available.

Total leukocyte, neutrophile, ivmphocyte,
monocyte, platelet and eosinophile counts for
the several exposure groups are given by day,
by sex and age in Tables +2 to 4+.5. The total
white count. neutrophile, Iymphoctyte and
platelet counts at the times of maximum depres-
<ion (avernged over the time during which
counts were consistently the lowest) are shown
in Tables +.6 and 4.7 for each individual in
Groups 1 and 1T respectively. Hematocrits for
all exposure groups ure shown in Table 4.8.
Hematologienl tindings as a function of time
and age are shown also in Figures +.1 to 4.5
The cumulative distribution curves for the
VArious exposure groups, using the average of
counts obtained over the period of maximum
depression (days 39 to 31 for leukocytes: days
26 to 30 for platelets) are shown in Fignres 4.9
to $.12.* In the tigures emphasis is placed on
the separate blood elements rather than on the
total lenkocyte count, since the component ele-
ments have distinet and different time trends
after irradiation.

—

*in Group IV the rumulative distribution curve for
platelet connts only is presented since hemnatological
determinations in thin group were not made during the
A0 1o 51 day pertod, used for leokocyte comparisons
amaug the nther groupm.

4.31 Hemasologic*' Findings, Group I. Roe-
gelsp

The sbwolute neutrophile count of both the
vounger and older age groups fell during the
weond week to a value apprmximately 70 to 80
percent of that of the controls (see Fig. 4.1).

. TROPHLES « ©°

S e W X W @ B = L I
SORT ENFCRBUAL O

1

3

4
_, - - - - . . - - - . d

-

-

Fiot wr 4.1, Nertal chunges am we wirophile rounts of
tiroup [« Rongelap)y for those lvaa then .; years end
greater tham 5 years of nge.

Following the depression of the total neutro-
phile count during the 2nd week, the values
At this time
the beginmng of a second drop (pgoNl) was

were unstuble until the Sth week.

noted for both age groups, and a low value of
approximately 50 percent of controls  wax
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rrached. The count was maintained st ap-
i proximately 75 percent of control values from
: the Tth week to the end of the initial study.
No further recovery was evident t 8 n' nths.
H Although both age groups followed the same
general time pattern of response, the lower age
group was below that of the older throughout
most of the observation period. At 12 months
the granulocytes had retuined to the control
range.

The abwolute lymphocyte count of the older
age group (Fig. 4.2) had fallen by the 3d day
to a value approximately 55 percent of the
control group. Thisx value was maintained
througli..ut the study, and there was no definite
evidence of an upward trend during the initial
or 6 month studies. At 12 months, complete
recovery had not orcurred.  The values for the
younger age group likewise fell before the id

control, following which there was a signiticant
upward trend. With the total lymphocyte
count, there s a consistent difference between
the two age groupw.  However, during the first
4 weeks the difference ix accentuated when ex-
pressed as pervent decrense bhecause of the rela-
tively high lvmphocyte levels in the lower age
control group.  After this period the differences
expressed as pervent are less marked since re-

can

1
CONTRILS GROLP 4 - a0 <3 —

- . - - - c— 4

Y
e

Hm;“n % @ @& % = T"‘J.

Fravag 4.2 - Nerial changes 1n lymphocyte rount of
tirnup | ( Rimgriap: for those lias then 5 prers
and greater (b 5 years of aqyr

”~n

day to a value approximately 25 percent of the -

fORT DFORSE 0w
Fiot sz 4.3.—Comperstioe serial chenges in the totsl
leukocyte, newtrophiie, end lymphocyte counts in
those greater than 5 pears old, (iroup [ ( Rongelap).

covery was more rapid in the younger age
group.

The cellular elements chiefly responsible for
the fluctuations in total white blood cell count
can be determined by comparing the total white,
neutrophile and lymphocyte counts (Fig. 4.3).
It is seen that the lvmphocyte count remained
essentially constant throughout the period of
study, while the total neutrophile count fluctu-
ated with n pattern essentially identical to that
of the total white blood count (coefficient of
correlation of 0.9). Thus the fluctuations in
total count were due to changes in the neutro-
phile count. This was true of both the older
and vounger age groups. It can be seen from
Tuble 4.2 that the neutrophile count was con-
sistently greater than the lvmphocyte count in
the older age group. In the yvounger groups,
differences in the neutrophile and lymphocyte
count were less marked and frequently the
Ivinphoeyte count was greater than the neutro-
phile count.

Platelets were first counted 10 davs after ex-
powure, at which time platelet values of the
femnles were approximately 60 percent of the
appropriate control group ( Fig. +.4). Follow-

"y
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Table 4£2.—Group 1 Roagelep Mesa Biood Counts by Dey sad by Age

e R i e
- [ >8
<s >8 <3 >8 <8 >8 & (>ﬂ‘) A(g <3 >4 <

t 9.0 83! 64 47 .8 22 . .. .... ....|08 03| &1 &7
t S 9 63| . . U U RO S
0. ... 66 7.1| 35 45 | 26 21 1283 227 221 29 L7, 16 16
' 59 63/ 35 39 | 21 v7 | ... .. .. |as u‘ 1.9 1.9
|1 59 65 32 41 24 L9 (701 23 2.7/20 23] 11 13
18 ... 67 72 34 47 ! 24 21 !321.8 191 21.8 27 1.7i 35 L6
- S 70 7.4 43 50 | 26 21 168 146 152|19 20! 23 18
™. 57 61, %0 39 | 23 1.8 (133 129 109 |19 |.o§ 1.8 1.3
W . T8 78! 40 53 32 21 141 123 11.8[135 a9, 34 22
- S | 65 62 %1 38 | 33 20 179 166 151 |L7 L6 26 23
». . | 57 55| 30 33 | 26 20 255 220 724 09 ao!as 1.0
It S ! 52 52. 20 26 ! 29 23 2.8 209 232 11 L1, 1.4 08
Y S | 59 58 26 33 31 24 3246 206 22910 1.0 11 Q5
S D | 67 56' 26 35 ; 34 21 ‘321 175 21.2 25 1.6 08 07

56 .. ... .70 60 35 38 . 37 24 .. .. . LT L3
& .. . .. . 7.7 60' 39 38 ' 37 23 231 183 203,05 09| 03 086
{1 S {76 65 38 40 33 22 .. o .34 LY

T4 oL 2.2 217 7| . .
185 . . ... ' 85 66 46 42 ! 36 22 3244 03 232 14 L1l 25 16
“wo_ .. 01001 Bl 47 48 0 46 28 266 195 2.6/ 07 1.3 67 28
Controls Group A__ 13.2 9.71 48 48 74 41 412 358 36520 20 95 47

1 i
ing this, the platelet count fell reaching a low B
of approximately 30 percent of control value — CONTROLS QWA &, MaLE <IOBS) — |

00 —_— - - -

during the 4th week. The platelet count rose
during the 5th and 6th weeks and reached the
value noted for the initial counts on the 10th
day. A second decrease in the platelet count
(p<.01) developed during the Tth and 8th
weeks, and values remained at approximately
70 percent of the control groups during the re-
mainder of the initial observation period. No
additional recovery had occurred by the 6th
month. At 12 months the counts were higher
but still below the control r nge. The pattern
of platelet counts in the male groups was re-
markably similar to that noted for the females.
(‘ounts of the lower age group, males, were
consistently higher than those of the adult
group in absolute counts; but consistently lower
as perceut of control.

PLATELETS « 0°

b
. i

|
| !

P——————— CONTWOLS QROUP A FEMALE AL ARES(39Y

GROUP 1

T

[<]

] 0 & 0 @©
POST EXPOBRURE O

FlotaE 4.4 —Nerial platriet changes in thoer lras than
10 yrars and greeler than 10 years of epe of (iroup
I i Romgelap).
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432 Hemawiogiosl Findings, Group IL
Ailinginse

The pettern of change of all elements in
Group II was essentially identical to that of
Group 1 : however, the degree of change was not
ssmarked (Table 4.3). As with Group I, recov-
ery of al! elements was incomplete at 8 months.
At 12 months granulocytes were in the control

range but platelets and lymphocytes remained
depressed but higher than at 6 months.

433 Hemstological Findings, Growp IV. Utirik

Since it was known that Group IV had re-
ceived a very small dose of radiation compared
to the other exposure groups, less frequent de-

Table 4.3.—Group 11 Ailinginee Mesa Biood Coust by Dey sad by Age

W.B. . | Navraorsnas | Lywssocrrss Pravsisys MomocyTss | Eommorumse
(X1on xin | (x| (X109 (x| (X1®
| ! ! ;
: ‘ i All |
PEDay. ... .| <5 >8: <53 >8 . <5 >5 <10 >10 Ages | ‘
i ! 3 W P <8 >8 <8 >5
S 60 70 30 50 | 28 22 | ... ... _... /08 L6 05 04
T 55 68 . . e P e
o .. .. . | 63 73 42 42 1.9 22 .225 726 20938 21, 26 186
13 1l 8683 7.6 1.8 47 . 31 22 A ) as{ 44 28
15 71 700 23 45 ) 42 22 (190 202 24637 26 23 14
I8 .68 7.8° 29 50 ' 35 24 (375 N7 249,23 15| 22 23
2. . - R9 &7, 53 54 27 29 W5 170 229,15 24 58 24
% R4 70 48 44 32 23 /200 128 174,23 24) a6 L8
30 | 96 86 53 62 | 37 20 | 195 128 18219 1.9, 41 20
33 77 78 33 52 35 22 '340 158 327 28 22' 60 19
9. 75 63 29 42 47 1.9 265 208 270 L1 1.7 27 16
43 69 65 27 36 39 27 280 196 2353 06 1.4 28 06
a7 773 67 35 38 ' 34 27 2.0 20 261 22 L9 15 07
51 84 63 38 36 40 22 320 182 250 27 28 22 1.0
54 46 63 28 35 32 25 '37.0 198 238 15 1Ly 1.8 08
185 77 65 48 39 27 22 252 192 239 L1 L4 L5 212
100 11 T8 42 47 65 56 387 2.4 283 1.0 L1 1.7 22
Controln Group A. 132 9.7 48 48 7.4 41 412 258 365 20 20 95 47

Table 4.4.—Group IV Uttirik Mean Blood Count by Day and by Age

wW. B NaUTaopuiLEs LYMPHOCYTRS PLaTELRTS MoxocTTRS EomyOPuILES
(X109 (Xion (X109 (X100 (X100 (X109

All

P. E. Day . <3 >5 <5 >5 <5 >5 <IN >10 Ages <5 >5 <5 >5
(M) (M (P

4 Yy 4 82 47 4.2 49 12 0.6 02 20 1.2

14 1y |8 +$1 32 S1 29 +9 42 s 27
1) 389y M1 358

» i 97 §9 5N 48 32 345 266 3V T 22 17 311 20

Controls Group A 132 97 48 48 T4 4| 12 259 s 209 240 95 47
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torminati:ne were carried out on these peaple.
In the greater than 3 age group the totel white
bised cei] and noutrophile counts were depressed
slightly oslow camtral vatwes durisg the 1 and
3d weeks (Table £.4). The iymphocyts counts
wers below contrel levels conmistently, and the
total white count ~qual to the control value ob-
tained on day 20 was dwe to a newtrophilic
leukocytosis.

Platelet counts on the 20th day were signifi-
cantly lower than on the 19th day and, except
for the older age males, were lower than control
values. The 20th day coincides with the time
of maximum depression for the more heavily

exposed groups.

4.34 Hematologica! Findings, Group 11
( Americans)

The neutrophile count in general reflected the
time courve of the total leukocyte count (Fig.
4.5). Neutrophiles accounted slmost entirely
for the marked rise in total count ¢n post-
exposure day one, and the values for absolute
neutrophile count fluctuated near the control

E@.W‘l%

POSY OPORSAL O
Flousx 4.5—deriel totel leskocyte, neutrophile end
Iymphocyte count in coposed Americans (Group ).

values thereafter in the course of the study.
The lymphocyte counts fell to below control
levels in the first few days, and remained at s
level npproximately 75 perrent of the control
value thronghout most of the remainder of the
observation period.

In Groups I and II the fluctuations in the
total leukocyte count were necounted for almost

Table 4.5.—Group 11l Americans Mesn Biood Count by Day

{
|

NErUTRO- Lyuruo- Fomno-
P E Dav Tl e P M rmas
1 . 9 6 61 33 0.1 1.6
8 . 6. 6 43 2.1 1.9 05
9 . 8. 2 10 20 20 Q4
10.. . 8.3 KA. 2.2 22 a3
1. 6 2 39 21 1 8 0.5
12, .. 6.0 3.7 21 18 0.7
13, .. 6.1 37 21 1.7 1.2
16 ... . 6.1 3.8 20 . 1.7 1.3
16 ... . 81 4.7 29 220 28 25
19 Ty 48 27 22 2.4 21
23 6. 7 42 21 17. 9 1.6 I. 4
28 T2 4.1 p - 4.4 20 21
33 8. 7 4.1 22 16t 1.8 22
K 6 8 18 27 201 14 18
43 7 8 4 4 29 218 [} 20
4 T8 406 31 2 2 27 i3
51 S 7 12 212 188 21 [
Kwajp Amencan (ontrois T8 4 O | 18 26 27
e o
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13 6050 | 108 2520 | 2400
69 4770 s 1420 - 3170
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47 220 120 4720 2250
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T8 5750 150 2800 70
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4 6420 130 2850 355¢()
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W 5470 125 2700 2420
10 4550 105 27T 1570
11 3120 85 1570 1350
12 1670 150 4270 1270
13 4050 55 2370 1520
14 4570 55 770 1700
18 610 45 4320 1650
22 4470 130 2500 14N
35 6250 110 460540 2120
27 SL2A) 110 $640) 2854)
30 STo0 5 3920 1 64N)
34 S 125 6540 2350
K9 5970 1.40 11 2574
ET1) Seuan) 140 2454) M7
H 460) 135 23} 21
Lh ] Y 1] £ 1) M) rra
[ S—

Ais Osgasan Taas I8

; w 3. c Purmsw| Nsvwmo  Lywren

i N 31 4] FER.BS (22, J

Casg No., | (AVERAGE * oy g | (AvemanE (Avemang
| FROW DAY - pory sy | row DAY Fmow Dav

| Wl Tprom | Wrosh ; Wmi

—— = -
{

52 | 5630 | 160 2970 | 2450
55 4400 | 138 | 1450 | 2730
56 6170 , 1258 | 3520 | 2550
57 5020 { 56 2020 } 2700
58 4750 80 2600 | 1850
60 . 6970 160 4050 | 2470
62 ;8300 “ 110 5170 ' 2820
63 i 4270 65 2550 | 1520
64 I 5600 70 3220 . 2050
66 ' 8100 | 145 %20 . 3120
68 . 4600 . 120 2400 | 2020
7 [ T950 106 | 4950 : 2700
73 3970 60 | 2630 @ 1260
7 [ 9900 155 7250 | 2550
7 ! 5400 95 . 3350 - 1950
79 © 7800 | TO 5120 | 2500
80 5670 100 - 2920 | 2520
82 5250 - 130 | 2620 2470

entirely by changes in the total neutrophile
count.  Group 11 differed since the changes in
total leukocyte count were reflected almost
equally in the lymphocyte and neutrophile
count. The significance of this difference in
response in the two groups is not apparent.
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|

'?Z(XJ
:
2
[) . 3

%9 ¥ ¥ © ® % ¥ o
POST DWFORSE Oav
Fietre 48— Neral platelet roun:a n crposed Amers-

rona (firoup [11).

The platelet count (Fig. $.6) were not niark-
wlly depressed when the initial counts were
taken during the 3d week. At the end of the
Sl week, however, the platelet count beguan to
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fall to reach s low .( sppresimately 60 percent
of comtrel levels st the end of the dth wesk.
The velue then returned to spproximately the
control level at the start of the Tth week, fol-
lowing which a second depression was noted.
The platelet coums were at a level of 80 percent
of the control valwe at the time of the last ob-
servation during the 8th post-exposure week.

435 Monscyws sad Ecsisophiles, All Groups

From Table 4.2 it is seen that the men : mono-
cyte count for Group I rose abruptly from an
early value below control levels to a well-defined
peak on day 12, following which it fluctusated at
values below the control level for the duration
of the observation period. .\ similar time trend
was noted in Groups 1T and 111.

Tabile 4.7.—~Group 11 Ailinginee Mesa Blood
Counts at Time of Maximum Depresion

Age Less Than 5

}_ — e e e e

i w B C tolets | “‘eutro- Lymphn-

Case No. ““"’D':’ | ((A‘v:?:- upc::'- (Ac\,'ﬂ‘-uv

»to 51 from Day ' from Day . from Day
oW »w Sl » e S
é 9.750 215 3,470 ' 5 600
8 8. 350 185 3,520 4, 350
44 4, 570 . 180 2,350 @ 2 070

Age 6 to 15
48 8. 220 210 2,970 3,150
53 6,170 240 3,700 2 500
1 4, 700 240 2,320 2,150
Age Greater Than 15

1 6.170 ° 175 3.570 2 170
16 4, 870 195 2,200 2 270
28 8, 270 115 3.720 2270
29 6, 750 115 4100 2,22
3 5, 650 145 2,950 2 450
41 5 120 110 3.050 2 270
43 68, 150 215 3.700 2,000
43 5. 650 180 4170 1, 470
30 7. US0 95 3,970 2 %00
51 7,150 170 4 620 2 450
5 12, 430 106 R 120 3 670
70 5. 070 185 3. tEmy 1. 7%

The comaephils count in the older age in-
dividuaia, Group L, rose from very low levels
observert on day 3 to values spproximating 33
percent of control during the second week,
where it remained from the 3d to the 5th
week (Fig. +.7). The counts then decreased

Ficvax 4.7.—Rerial enainophile counts om those lese
then end greeter them 5 yrars of age of (irowp [
( Rongelap).

(p>0.01) and remained st a value approxi-
mately 15 percent of control throughout the
remainder of the study. The time trend of re-
sponse was similar in the younger age individ-
uals, however changes in the younger age group
were relatively greater if considered in terms
of the control values. Similar trends in
eosinophile count were niot evident in other ex-
postre grounps.

It ix possible that the rise in eosinophiles
represents that reported by Minot and Spurling
(11) as occurring * two to three weeks sfter
short wavelength irradiation™.

4.36 Hemarocrit, All Groups

The hematocrit values for all expored groupm
are shown it Table 4.5, When hematocrits wers
tird done on the 22d day, mean values for
Groupm | and 11 were below thowe of the control
population. A sigmiticant trend in values after
this tine could not be detected statidically.
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Table 4.8.—Hemasocrit, All Exposure Groupe

Qmore 1 | Gnocr (1 | asocrr IV i“Om m
e !.—— i A | T A:L—AQ_C:E ; { ALL Aoss i Aprim
<1%* (M) ] >18 (M) u;")o-‘ <18 (M) i >18 (M) ‘ " ; <18 (M) “ >18 (M) ] 2 M)
| 1

22 37.8 29 .0 3.5 l 27 22 . . - 1 .
3 T U . I - ‘ X
% %3 | 416 ; 37.5 | 35 | 432 I8 | .. | ___. I
= Lo ' ‘ J S S “s
" I R oo o me s f wne |
2 37.9 | 4213 71| 30 | a8 387 0|
3 | 374 422 ! %8s | 385 | 438 ' 373 | . | . .| .| a4
» I 37.8 | 424 . 374 30 | 452 238 ! . 7
43 | 37.3 ; 4.8 ' 376 485 | 0.2 1 . ] 440
a7 M0 | a -3 0 ! . Lo

185 380 417 32 are | 4001 | 303 | | k -
—— —_— e PR — —— ee— b —— —_—
Controls .| 386 . 460 | 309 . 386 460 M9 ' W6 40 | B9 | H9

*Age in vears,
(M) = Male.
(F) = Female.

4.37 Morphology of Peripheral Blood

sSignifiennt morphological cellular changes,
with the exception of abnormal mononuclear
cells® seen in severs! inedividuals during the pe-
riodd of most severe nentropenia, were not ob-
served.  Apparently similar cells have heen ob-
served previously by Mot and Spurling (11).
Complete evaluation of these changes would
neeessitate an exhaustive serinl study of the
hemntology shides. Sumlar differences of opin-
1on are reportedan the literature.

4.38 Comparison of Hemarological Findings in
Children and Adults, Group 1.

It is seen from Table +.2 to 1.4 and Figures
4.1, 42 u|u| 4.4 that differences in the degree of

*There wus considersble difference in opinion with
respect to classifiention of thewe celis They were
cluemified ax atvpionl ot Ve, degenerating yme
phoattes ntypical  mivelevtes,  monscvtou!  Ivptie.
cyvtea atel Tvmphoecvies i transition fo nivelon Vies vt
the time of this repmrt there wus no vaanmity of
opunion with respeect (o classifiontion and sugntl oonee
of e viin

depression of cellular elements were present
between children and adults. In Table 4.9, the
mean values of the neutrophile, lymphocyte and
pintelet counts at time of peak depression for
ench element are given in terms of abeolute
count and percent of appropriate control value
(mean platelet connts were calculated for the
lexs than 5 and greater than 5 age groups for
this comparison),

Table 4.9.—Comparison by Age of Mean Neutro-
phile, Lymphocyte and Plarelet Counts in
Group I (Rongelap) at the time of Pesk
Depression

ARMILI TR COUNT X 10 P:r‘::'":"
Tyrx o Cr1L . .
LYY T AGE S AGB. 3 AGB™S

Neatrophib: 27 31 h 64
Lyvimphoecte 29 2.2 WM
Platelers

fermales

only L y. U y4 44
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uTRORRLS 1 10°
U 4 A —"umuilstire neutrophile rounts for (irosp
I (Romgriap) 6t the time of meFimum drpressions
and al 8 months after cxposure.

It is seen that in terms of absolute counts, the
children showed a greater depression of the
lvmphocyte count. Expressed as percent of
control, all elements were affected more mark-
edly in the younger age group. These results
would indicate that children are more sensitive
to radiation, or that other biological or physi-
cul factors resulted in a relatively grester effect.
One physical consideration that may have ac-
counted in part for the apparently greater dose
received by the children involves a considera-
tion of dose distribution in the body. Because
of their relatively small diameter, the dose re-
ceived at the center of the body of a child would
be greater than for un adult exposed to the
same dose 18 measured free in air.

4.4 Discussion
£.41 General

An estimation of the severity of radiation
damiage incurred can be attempted by com-
puring the present results with previous hema-
tological data on totul tudy exposure. The
present data represent the only large wries in
which svstetnatic erial counts on the same in-

dividuals have been possible, and thus they com-
prise the mant complete dsta avsilsble on human
beings expored in the high sublethal range. It
is also of importance, therefore, to examine the
present results in conjunction with past expert-
ence in an effort to gain a better understanding
of the hematological responne of human beings
exposed to penetrating radiation in the sab-
leth: | range.

In the following discussion it will be gener-
ally assumed that the hematological effects
noted were due primarily to the penetrating
gamma radiation received. The beta radiation
injury of the skin may have contributed to
Auctuations in the white count during the pe-
riod of active lesions during the third, fourth
and fifth weeh, br is considered not to have
contributed significantly to depression of any
peripheral.elenients (Chapter 3). The degree
of internz] contamination with fission products
(Chapter 3) was probably too small to con-
tribute sigmificantly to the early hematological
effects obverved. Although it is not pomsible
to say with certainty that these added factors
did not materinlly affect the hematological pat-
tern seen, it will become evident in the dixcus-
sion that the changes olmerved are not incon-
sistent with those to be expected from exposure
to penetrating radiation slone. Thus, the
hematological charges noted are considered to
be the result of a sinyle exposure to penetrating
ganuna radiation, delivered at a rapidly de-
crensing dose rate over a period of approxi-
mately 2 davs.  Unles\otherwise stated all dis-

cussion will be limited Yo the older-age sutxdi-

viston of Group L
The principal sources o
able for comparon, and t}

previous data avail-
characteristics and
limitations of each are sulimarized in Table
4.10. DPerusal of the table
the Jdifficulties involved in

11l make apparent
ttempting strict
comprrisons: however, some {ntements can he
made dexpite the obvieus Tyuitations. For
eaxy reference, “normal™ valued for peripheral
ata and froan

ble 411

bl counts, from the preent

the htermture are presented



8 SIVECTS OF JONIENS BASUATION
TN 4,30 Comeuwheis of Avalltbls Dum en de Mvaassingiel Bivce of Fonsuncing Rodissisn

Cossesssasss Jersomn Demumes| CVFEE Russ. | Lisstsseny SN | BIvems MANSE | Leses Awmes
Nembese in grouge....| large small omall nage lnoge
Mdoguasy o Con- | aiv pose poer oved very guod

el
Sertal counte ... ) oo yoo e yes
Counting teeh- | fuir falv ooed good oond

nigue®
Chanee of biss due | lorge lnsge lnsge omall omall

o sampling tech-

niques
“Normal” individ- | yes e ye» ye yoo

wals
isternal contami- | nene none none minimal nene

nation
Additional treuma | yes ne yos yo» e

(burna, ete.)

Spesies extrapole- | Do » " »e yeo

tion wecessery
Type of radistion .| gamwa, some | hard X-rays, | gaessma, 20w~ | gamma, bote | hard X-raye,

neutrons Samme troms, X- to shin gamma.
rayw, botas
Dosage sstimation poor good posr fair geod
Bingle exposure. . . yes usually ne yeo yes ye
Deserate. . . ___. Instantaneows | ~dr/minm. Instantancews | Varying ~¥¢/ ~10r/min.
he.
Body region. . . ... .. Total body Usually par Total and Total bedy; Total body
tial body partial body beta to akin
Dosage range .. .. .. Seblethal and | Sublethal Sublethal and | Bublethal Beblethal and
lethal . bethal lothal
Geometry ... .. | Narrow beam Narrow beam Narrow beam 300" feid Narrow beam
Depth dose curve Moderate {all Variable Rapid fall off Essentially Variable;
o flat rapid fall
{ . off to fiat

*Same technicians for all counts; rigidly standsrdised techniques throughout, ete.

442 Comparison With the Japassss Hiroshises
sad Nagasaki Deta

The limitations stated in Table 4.10 apply to
the Japanese low dose groupe® E to H in par-
ticular, in which values given (Oughtersen et al.
(12) and 1.2 Roy (13)) sre pooled and inclnde
individuals located at the time of the bombing

*The Japunewr casualties were divided into groups
A e B ou the hanis of idegree «f egpusure as deter-
mined roughly by distance from the hypo-remnter and
sppregimate dregre= of shividiag. In greags E o M
emnratially me mortality sacrthable 0 rediatien
espuatire weurred ia the firnt 3 or § menthe.

such that they may not have received signifi-
cant expmsure. Hence, while the pattern of
change with respect to time is of value, absolute
counts probably are high. The time course of
hematological change in the people of Group I
correspond mast closely with these low exposure
Japanese groups in which definite signs of
severe radiation exposure were present in soine
individuals but in which essentially no mor-
tality occurred (initial hematological studies
on the Japanese terminated at 15 veeks). The
early period up to approximately ¢ wesks was
characterised by considersble varistion w total
white count in both the Group | and Japaisse

© i s —
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Tebie 4.11.—30ema Periphural Bisod Count Valuss fer Seversl Consral Populntions (107

Soowsg ¢ Dama DUtUERaTON
!
Jasawans, Kvan Tve .
» - conwmses | SUOSTA

(n [ _J
Total White count. . ___.. | § L ¥ 7.4 7.0 7.8 27
Newtrophile ... _______ E ¥ a0 44 43 41 498
Lymphoeytes_ .. ___.._.. 29 8 28 21 t 9 | 41
Monoeytes_ .. ... o6 ae a3 s 63 03
Eosinophiles . . __ .. ___ . __ ae 1.0 .l a2 a3 [ W
Basophiles . _ . __.____.... —_— at . 6@ a0 [ ¥ ) al
Plateleta_ . __ ... .. _... — - — **20 28 08
*Age 31 years.

**The mean value for 50 normal young American men, using the technique employed in the

present study, was 287,000.

casuaities. This fluctuation may be associated
with the presence of thermal or other . \juries
in the Japanese or the active skin lesions in the
Marshallese, or may correspond to the “abortive
rise” noted for animals following exposure
(14, 15). From the 6th week until the termi-
nation of the acute studies on the Marshallese
during the 10th week, the .Japanese and
Marshallese counts remuined at similar levels.

The neutrophile count in both the Japanese
and Marshallese in general paralleled the total
white count. The Iyvmphocyte count in both
groups was depressed early and remnined de-
pressed at values of approximately 2% until
week 10. The high value of 2692 reported for
the .Japanese for weeks 12 to 15 must be sus-
pected of being high for the ressons given
earlier.

Various charncteristice of the .Japanese
hematological trends should be pointed out: a)
while high dose exposure groups with signifi-
cant mortality showed an early depression with
n definite low point at 4+ weeks, the lower doee
groups showed no definite minimum at + weeks
but rather a continued depression until the »th
or 9%th weeks. b) While mean leukocyte counts
of the heuvily exposed groups had recovered in
part amd were approaching normal ranges,

387120 & .38

these means, 15 weeks after exposure were still
below means for control populations listed in
Table 4.11. In fact, data of Kikuchi and
Whakisaka (22, 23) indicate that hematologic
recovery was not complete 2 years after ex-
posure. The studies of these authors, per-
formed independently of the Joint Commission
and Atomic Bomb (Casualty (Commission, sug-
gest the early blood response and prolonged
recovery of the Japanese was similar to that
reported here for the Marshallese.

The present findings in the Marshallese are
in accord with these characteristics, namely
a) total white cell and neutrophile counts
showed no definite minimum at § weeks as evi-
denced in Japunese groups \ to D, but rather
fluctuated during the tirst weeks with minimum
mean counts occurring in the 6th week or later,
b) neutrophile counts were unstable over the
first 5 weeks, and recovery to control leveis was
not complete by the 8th month, ¢) lymphocyte
counts remained depressed throughout the pe-
riod of obwervation.

Platelet data in the Japanese are not sufi-
cient to allow more than rmugh qualitative
comparieons.  Thin is nufortunate since changes
- platelet countx in the prewent «udws ap-




poared ¢ show s mere consistent pattern than
Jid (he lowhecyt, comts. Platelet counts om
one individul, considered as a typical response
in & nen-fatal Japaness (13) indicated an ap-
perent low approzimstely on day 30. This time
trond agress with thet ssen in the Marshalles
and Amsricans expessd to falleut radiation.
It is worthy of note that the period of peak
incidence of purpurs in the Japanese victims
occurred between the 25th and 30th day, which
cerresponds to the time of maximum platelet
depression in the exposed Marshallese.

443 Comperissa With Duta From Laborssory
Accidenn

Although in the Los Alamos (18) and Ar-
gonne accidents (19) the type of radiation
aud the conditions of exposure were markedly
different from either the Japanese or the Group
I situations, a large component of penetrating
gamma and neutron radiation was received and
thus attempts at comparison may be of value.
Nome findings in the hematological responses
are pointed out: a) a uniform early rise in
white and neutrophile counts over the first few
da s, similar to that seen early in the American
group was obeerved uniformly.®* b) of three
high-exposure but non-lethal cases, the total
white and leukovyte counts continued to show
some degree of depression into the Tth week or
beyond. ¢) the lymphocyte counts in individ-
uals exposed to as little as 3) rem showed an
initinl marked depression. In most cases the
lymphocyte counts remained at low levels
throughout the periad of vbeervation. d) plate-
let counts were done by a different method. and
absolute counts are therefore not comparable.
However, of the three high dose survivors,
times of maximnm depression were not incon-
sistent with the value of W0 days obtained in the
present studien. In higher dose non-survivors,
however, the platelet counts had reached mini-
mum values ax early an the x¢h day.

*No rvounin were taken m Groags | and (1 during
the frwt T2 bours

The Argeame Laberstory sccidemt (19) ie-
volved feur individuals whe were estimated to
have recsived 138, 127, 60 and 9 rep, rvepee-
tively. The findings in the twe highest expossd
individuals in gemeral were consistant with
thoss in the present study. An initinl newtre-
philic leukorytosis was follewed by fluctuations

" im total count, with low values continuing inte

the 7th wesk. Recovery was not complete by
the 20th week. The lymphocyte depression wae
rapid and marked, recovery was not evident by
the 20th week. Minimum values for the plate-
let counts were obtained between the 25th and
3ist day.

('omparison with Animel Data. The time
trends and severity of peripheral blood count
change following total body radistion in ani-
mals has been examined critically recently (15),
and the following general conclusions are
presented.

2) An initial rise in total white count (re-
flected in the neutrophile count) may occur.
Thereafter the magnitude of depression of the
total white and neutrophile counts, and within
limits their duration are a function of radia-
tion dose. .\ secondary or abortive rise in the
total white count (reflected in the neutrophile
or lymphocyte count) may occur, followed by a
second decrease. There is little species differ-
ence in the rate of depression of the total white
or neutrophile count at comparable doses ; how-
ever, the rate of recovery and time for complete
recovery is quite ditferent in various species.
Smiall animals ( mouse, rat, hamster) show rela-
tively complete recovery to contro] levels, even
at doses in the lethal range, by the end of the
ith week or earlier. Data on dogs are inade-
quate to indicate when recovery is complete:
however, return to control leveis at high dose
levels has not accurred by the ith week. Swine
require 9 to 15 or more weeks for complete
recovery.,

b) The response of lymphocytes is essentially
identical in all animal species. [epression can
be detected within a few hours, and recovery
from the minimum valuex (achieved in 38 to 48
hours) requires longer than does neutrophile
recovery. Lymphocvies fall to very low levels
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ot dosss well below the lethet rangs, and incress-
ing dese.resulls in ne or minimal further do-
creass in comst. Lymphscyts depression sp-
pours te have ne causal relationship with scute
radiation deaths.

¢) Platsist counts have bosm studied meost
extensively in dogs (90). Anwnllnutnphilu.
the rapidity and magnitude of depression is &
function of dese bolow the lsthal range. Maxmi-
mem depression occurs by the 5th e&x 10th day
with dosss in the high lethal range, by the 10th
to 1ith day at sublethal levels. Recovery be-
gins during the 3d week, but is not complete by
the 30th day whea most studies have been termi-
nated. Insuficient data are available to indi-
cate the time required for complets recovery.

Considerable evidence inclading studies im
the mouse using splenic homogenates, induced
bacterial infections and spontaneous infections
have indicated that critical neutrophile levels
exist, below which survival is correlated with
the absolute neutrophile count following whole-
body irradiation (15). From data on dogs, it
appears that sarvival is likely unless neutro-
phile counts remain below 1,200 cells for a
period of time.

Platelet data on dogs indicate that animals
with external parpura have platelet counts of
50,000 or below.

Sufficient data on large animals are not as
yet available to quantify the extent of maxi-
mum depression of either the neutrophile or
platelet counts as a function of doee in the sub-
lethal range. The response of the platelet count
in the present study was much less subject to
fluctuation than were the neutrophile or lym-
phocyte counts. For the preceding reasons,
systematic investigation of the platelet and
leukocyte counts in large animals as a function
of doee in the sublethal range are indicated.

It is not possible to say at present whether
severity of exposure, or of radiation damage
correlates better with absolute levels of periph-
eral blood count, or with degree of change
from control or pre-exposure levels. Some
evidence on this point can be gained by com-
paring the degree of depression of the neutro-
phile counts in GGrowps Il and [II, bath of

[ T P

dividual counts in Japaness groups in which fa-
talities cecurred. In gemersl, a npuﬁeut
number of deaths was encountered only in in-
dividuals whose neutrophile count fell below
1000. In Group I, 42 or spproximately 50 per-
cent had neutrophile counts below 2000 at some
time during the observation period, and i0
percent had counts below 1000. By this cri-
terion, then, the effective dose received by the
Rongelap people approached the lethal range.

In the dog ((‘ronkite and Bond, unpublished
data), spproximately an additional 50 to 100 r
are required to lower the neutrophile count by
1000 ceils mm?® in the high sublethal dose range.
If these data can be applied to man, an addi-
tional 50 to 100 r would have placed the dose
well in the lethal range. On the other hand,
however, it is clear from the present data and
from clinical experience with therapeutic radia-
tion that neutrophile counts between 1000 and
2000 in human beings are in general well toler-
ated. Human beings with these levels of new-
trophiles show no clinical evidence of iliness,
are physically active, and generally do not need
prophylactic antibtotic therapy.

The people of (iroup | are estimated to have
received 173 r an calculated from dose rate read-
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inge amaswred in siv from the planar flssion
product fisdd. Frem tiwe preceding paragraph
it in soem that en additionsl 30 to 106 r of lub-
eratery radistion on an average of 73 r, prob-
sbly wouid have resuited in some mortality.
Corvecting this average valwe for geomstry,’
it follows that the minime? lethal dose for man
expesed in a fission prodwct fleld is approxi-
mately 235 r measured in air.

It is ponsible also to estimate the added in-
crement of dose that would have resulted in
some mortality among the Giroup I people from
considerantion of the minimum platelet counts
cbserved, the platelet levels in dogs exposed in
the high sublethal range (20), and the esti-
mated rate of decrease of platelet level with in-
creasing dore in this dosage range. Such an
analysis leads to the same conclusions as those
derived fram neutrophile data.

446 Peripheral Counts as sn Index of Severicy
of Exposure

The reiative value ofthe severn]l hematologi-
cal determinations in estimating the degree of
exposure, as well as the approximate dowe
ranges over which' maximum sensitivity for
ench determiination exists, can be extimated by
comparing the degree of hematological change
mnong the several exposure groups. The rel-
ative degree of change in neutrophiles, lympho-
cytes and platelets can be seen in Tables 4.2 to
4.5 and Figures 49 to 4.12.  Lymphocyte counts
were depressed appreciably even in the low-
expasure (iroup IV, In the higher dose groups,
however, with widely different physical esti-
mates of exposure the lymphocyte counts

*From gewetric and depth dose (vasiderations set
forth in Mection [, 1 roentgen measurel in air iu a
fsnion produt fleid would he expected to be aquivalent
in itx effect on man to approximatety 1.5 roentgers of
jrenetrrting x- or xamina radiation nnder geometric
comditions usunlly umed for large wnimais in the lab-
oratory. Thux, the minimal lethal dose for man ex-
[wmed (0 penetrating radiation under the usual labora-
tary conditions would be approximately Xis r. The
degree to which energy differences between the two
radiations may alter thin ratio of effectn cannot be
evaluated at prewment.

showed casentinlly identical degress of depres-
sion. The lympheryte counts of Greups | and
11 were constantly depremsed st s level of ap-
progimately 3000 cefls. Thus, while synsitive ot
very low doses, this endpoint msy be s pnor
index of the degres of exposure at higher dossn.

T
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Fiut'me 4.9.—Cumuietire neotrophile counts for (ironpe
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A @t iRedfme of marimum depressien.
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Flotee 4.10 -Cumulatire lymphocyte rounis for
troups | 1 Rongelap) and 11 ( lilinginae) and ron-
trod tiroup | ut the time of marimum depression.
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The total neutrophile count of Group | was
consistently more depressed than was that of
Group 11 and the difference was of the order of
X to 1000 cells. However, day to day wide
fluctuations in the neutrophile counts ocenrred.
Accordingly, this endpoint appeared to be of
limited usefulness ax an index of relative expo-
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sure severity escept when commts on groups to be
compared are performed st the mme time.
The platelet count showed a2 more systematic
trend then did the newtrophile count. Dif-
ferences between the low-dose Group IV and
controls at the time of maximum depression for
all gromps with the exception of adult males

t
i
M 1
o
‘ :
- e nd
Y EEEEEREEEEEARE L E S AN X

raTRETS 5 0°
Frorex 4.11.—Cumalstire plateliet counts Jor firoupe
I (Rungrlapy, 11 « A\ilinginae), and IV ('tinik) and
control (irnap A at the time of masrimam drprrssion,
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Frotme 412 —Cumulatice plateict rownts fror Group |
(Reomagelapy at the trme of warimenm dopression and
6 muonths after vrpoanre.

conld be noted, and detectable differences existed
between the menns for the Marshallese higher
exposure groups. Platelet counting is ax ensy
#~ and more reproducible than leukoeyte counts
(121, Thus, the platelet count may prove to
be 2 useful index of degree of exposure through-
ot a large part of the sublet hal range,

The above considerations are in accord with
previous findings on human beings and animals.

4.5 Conclusions

1. Consmenatin Or Tar degree of depres-
sion of peripheral cellular elements indicates
that exsposure of Growp [ wes moderstely
severe, probably within 50 to 100 r of the level
where some fatalitien would have rewaited.

2. The degree of eflect evidenced in Growp 1
people is nat inconsistent - .th the physical
estimates of gamma dowe received, when the
geometry of exposure and other factors sre
considered. Beta lesions of the skin, and the
low leveis of internal radiosctive comtamina-
tion observed are considered not to have con-
tributed significantly to the hematological
changes seen.

3. The extensive serial hematological data
ohtained, considered in connection with pre-
vious data, allow reaspnably accurate character-
ization of the hematological response of human
heings expowed to single dowes of penetrating
radiation in the high sublethal runge. The
pattern of change of some elements may be
different for higher dose levels: (see enrlier
discumsion ),

The titwe courve of events is different from
that obwerved in large animals and may be de-
wribed as follows:

2) The total white count increases dnring
the first 2 or more days and then decreases below
normal levels. The tatal count then fhutuates
over the next 5 or 6 weeks, with no definite
mimimum end with some values above normal
{the presence of thermal or beta lesions, or
other acute processes during thi- time may ac-
count m part for thewe fAuctuntions). The
count becomes stabilized during the 7th or xth
weeks at low levels, and minimum counts prob-
ably occur at this time. .\ definite trend up-
wand is appareut in the %th or 1ih weeks:
however complete recovery may require several
months or more.

b) The ueutrophile connt paraliels the total
white blond cell count. Complete return to
normal values does not occur for several months
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o mere. The initial rise in total white count
is dus to & neutrephilic lewbscytosia.

¢) The drep im lymphecytss is sarly sad pro-
found. Little or ne evidence of recovery mmy
be apparent ssveral months after exposure, and
setcrn 6o nertmal lovels may not occwr fer
mouths or years.

d) The plateist count, unlike the fluctusting
total leukecyte count, falls in & regular fashion
amnd reaches a low on the Jth day. Sowme re-
covery is cvident early ; however, as with the
other elements, recovery may not be complete
ssvernl months after exposure.

4. As an index of severity of exposure, par-
ticelarly in the sublethal range, the total white
or newtrophile counts are of limited usefuiness
becawse of wide fluctuations and because sev-
eral weeks may be required for mazimum de-
premsion to become evident. The lymphocyte
count is of more value in this regard, particu-
larly in the low dose range, since depression
occurs within hours of exposure. However,
since a marked depression of lymphocyte counts
occurs with low domses and, since further in-
crense in dose produces little more depression,
this index is of little value at the higher dosen.

3. Platelet counts showed a regular pattern
of change in the present studies, with the same
time of maximum depression in all exposure
groups and with the degree of depression
roughly proportional to the caiculated doses.
It appears, therefore, that the platelet count
has considerable promise in the sublethal range
as a convenient and relatively easy direct
methuxd of determining the degree of exposure.
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Chapter V

Internal Deposition of Radionuclides
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§.1 Introductica

Fowuowing A NvcLzan detonation in the spring
of 1934, a large group of people were contami-
nated with tision products.  In addition to a
sublethal external gamms mdiation exposure
and beta irradiation of the skin, delectable
amounts of radionucliden were deposited
ternally. It has heen assumed that in all situ-
ations resulting trom a contaminating event, the
ratio of external to internal dose would be ex-
ceedingly high. However, a detailed study of
the internal contamination in the exposed
human popualation and in animals was made to
determine the kind and degree of internal
deponition.  Three general problems were n-
vestigated : (1) The determination of the con-
tribution of the internal contamination to the
acute radintion syndrome obswerved: (2) The
porsibility of long term effecta, and (3) The
qualitative and quantitative nature of the in-
ternal contamination produced by exposure of
individual< to mixed fission products.  There
was no previous situation in which human be-
ings were exposed to an environment contami-
nated with mixed fission products.  Concur-
rent studiex were undertaken by the .Japanese,
however, on radioactive materials to which a
small group of Japanese tishermen, near Ronge-
Iap at the time of the detonation, were exposed.
The report of the exiensive investigations
undertaken on the ashes by the Japanese have
been published (4.

Evaluation of the internal contamination of
the human beings was made by a study of the
radioelements excreted.  As very little infor
mation is prevently available concerning the
ratio of excreted radioelements to the amount
deposited in the bady, it was necessary to bave
the evaluation on data obtained from animals
which had been contaminated in the same
event. Detailed studies of animal tissues and
animal excreta then provided data on which
extithite of the human body burden were based.

§.2 General Nature of Internal
Radiation Toxicity

Tur Natvax Or the radiation hazard from in-
ternally deposited fision products can best be
understood in terms of the biophysical behavior
of the radionuclides.

Fision productx entering the body thromgh
inhalation or ingestion concenirate in variouws
tissnes and et as sources of internal radiation.
The ability of a rdionuclide to enter the blomi
trenm ix determined by its wlubility, chemual
properties and physical date. The radioele-
ments formesd in tiwion are predominantly ox-
wdes which have a limited solubility in body
fluids.  On this basis, only a few of the radio-
elements an become available to the hody.
However, the amount which can provluce n-
jurions effects when deposited within the baniy
ix minute because of the close proximity of the
intope to the tisaes it irradiates, and because
the isatope continues to irradiate thee 1 1neupes
until it ix removed by biological turnover or i
rendered harmless by radionctive decay. The
eflects of madiation from internally deposited
emitters are the same as those from external
radiation.  The distinguishing festure of n-
ternal radiation, however, i~ its long continuing
nature.

Radionctive sotopes follow the <ame me-
tabolic processes in the body as the naturally
ocenrring inactive isotopes of the cme element
and  of chemically  sinnlar elements. Thux
“rontim and barium, which are analogous
chemically to enleium, are depexited in the cal-
cifyingtissue of the bone. A Ithough nearly two
hundred radioisotopes are produced in the fis-
sion process, only & few are potential chronwe
interunl radintion hazards. These fission prod-
netss which ure listed in Table 5.1, constitute »
Ingh perventage of the tission s wld, and lacahize
chiefly n bone. The “hone wekers” have, n

LY]



ZFYRCTS OF JONIZING RABIATION

Tebis 5.1.—Bislogically Hasardous lassrasily Deposised Fimien Preducs

‘;Tm-ai .i - :'.‘f—nm"c““
Rasw-Brswewe Rassamew | ASCTOANS , - - - T -
DT R T e T
S Y YU SR R _‘ ——— e — -
x
e .. ‘ a4 | 83 .annri 2 | a2
™ . 8 | 89 | 87 | >see | 2szie eM
& I 8y &4 | e > | .3 !
Ru= 8y | a7 43 I o | .6 :
Re= s | as | s 2 ' .04
] gy | 28 s | 1™ ! 032 n1s
Ba» 8y | &0 ; 128  ~3n = .07 .®
Lawe .y ! 80 ' 17 35 1L.2x100 @
Cesn Y 57 = >100 .35
Pre Y IR W ) 138 50 1.3210°° . 083
Cesn . Ay o &3 (TS 500 2x 10 010
From: ' Seaborg and Periman, Rev. Mod. Physien, 10: 585, 198,

* Hamilton,. J. G. Rev. Mod. Physies, 20: 718, 1948
3 Handbook 532, U. 8. Dept. of Commeree, National Buresu of Standards.

general, long radiological and biological half-
livew and prciuce high-energy beta particles.
Thus, they cause grester damage to bone and to
the radiomensitive bone marrow than to other
tismuex. The damage to the blood forming timue
results in a reduction of bloml cells, and thus
affects the entire body.

Tnformation on the biological effects of in-
ternally deposited 1votopes 18 derived from the
himited studies of accidental radioisotopic pois-
oning in humans, or from animal experinen-
tation.  The best documented data on the effects
of small xmounts of internally deposited emit-
ters 1n human betngs nre oltained from studies
of radium poisoning.
depodition, terminal anemia, bone necrowis and
osteogenic sarcoma sppeared o fter a number of
yvears. The rexidual activits in the body as-
socinated with thewe effect=4s 1 to 2 micrograms
of radium.  Radium ix a particularly hazard-
oux element when depumited internally because
of 1itx long bologieal and radiological half-life.

Very few duta are available on the long term
biological effects in human beings of the shorter
hved isotopes such as Se=, ['"', P2 and Na™.
The metabolism, excretion and biological effects
of a number of fssion products have heen

Ax n result of radium -

wtudied in animals by Hamilton (1), Abrams
(2), Bloom (3). However, most of these studien
il not cover the problem of the long term eflects
in animals produced by small amounts of in-
ternally deposited inotopen.

Few data are available concerning the effects
of internal contamination with mixed ftsion
products from nuclear detonations.  (‘ontamn-
nation is not produced by every detonation of
a nuclear device. For example, no internal
contamination was detected in Individuals ex-
poved to the air burt at Nagasaki and Hiro-
shima.

In held tests of the contsminating typn of
atomic detonntion. animals that inhaled twion
products during short periods of exposure were
found 10 have insignitieant amounts of internal
contamination,

The long term effects (primarily malignant
changes) resulting from radinm deposition have
been used to set the limits for mazimum per-
mssible body concentrations of a few bone veek-
ing radioisotopes in the body 15). Maximum
permissible body content of other radioisotopes
are extimated on quantities resulting in a dose
of 03 remi per week to the tivene of highewt
concentration,
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S.3 Iseermrl Coataminstion i
Human Beings

Tue InTeaxar Coxramuanon study wes be-
xon 13 days post-detonation with the collection
Mpuoledﬂhournrineupbfmntb
Marshallen and American groups. Mazimem
activity in the urine orcurs during the first few
days after internal contamination. By 1 week
an approximate equilibrium state is reached in
which the contaminants remaining in the body
are firmly fixed, chiefly in the skeletal tissues.
The activity in the urine then derives from
radicelements which have been replaced in the
natural process of biological tarnover. Thus,
the study made is ewentisily that of an equi-
librium condition.

The urine samples were sent to laboratories
in the United States for analysi, since the high
background encountered in the field masked the
relatively low levels of activity in the aliquot
samples used. A field laboratory is most de-
sirable for a rapid survey, and was shown to be
feasible, if adequate facilities are provided for
the counting of the samples.

The firet urine samples, mentioned sbove,
were collected for the fos Alamos Scientific
laboratory (LASL). Similar samples col-
lected #4 duys post detonation were also sent
there. On the 23rd, 24th and 47th days post
detonation, 24-hour urine collections from each
individual from Rongelap and Ailinginae were
sent to the New York Operations (ffice, Atomic
Energy Commission (NYOO-AFEC) for an-
alvsis.  In addition, samples from representa-
tive individuals in these groups were collected
21,3 and 6 months post detonation and sent
to NYOO-AEC,

The USNRDIL collected samplex from each
member of the exposed groups at 43 and 46 days
representa-
tives of these gronps were also collected at 2,
3 and 6 months by the USNRDIL  In addition,
sumples froni a representative group of 6 Ameri-
cans and 20 Marshallese were collected for 6

post

pest  detonation.  Samples  from

consecutive duvs  beginning 33 days

detonation.

531 Metheds

As a compiete radiochemical snalysis of sll
the urine samples was not feasible, samples were
snalysed for only N¢, Ba'®. the rare earth
group and fissile material. These snalyses are
the most ureful for evaluating the concentra-
tion and identity of all the putentially hazard-
ous internally deponited radicactive isotopes.
Measurement was also made of the gross bets
activity of sll the samplea.

To facilitate the proensing of the large num-
ber of urine samples sent from the field, s sean-
ning method for beta measurement consisting
of & basic oxalate precipitation with a lanthe-
num carrier was employed on an aliquot of the
24-hour urine samplen. This method rupidly
concentrates the radicactive elements into s
sunall volume and eliminaten the normal K=
background. A carbonate precipitation of the
entire 24-hour sample increased the nensitivity
of measurcment sufficiently for analysis of
samples collected later than 21 months post
detonation.

The beta activity was counted with a thin end
window (iviger-Muller counter. The counter
war ealibrated with a U7,Q), standard, and an
appropriate correction for self-absorption was
made using a Sr* standard.

5.32 Findings and laterpretations

1. Beta Activity of the Urine. Internal dep-
osition of radionctive elements was evidenced
by the presence of significant amounts of beta
activity in the urine. This activity decreased
rapidly ax a function of time, as it was derived
chiefly from short-lived radioisotopes. For
example, at 3 months post detonsation, the mean
activity of the urine of adults from Rongelap
was 2% pervent of the value measured 45 days
post detonation, and at 6 months, the activity
in the urine was barely detectable in most of the
individuala.

Comparicon of the means of the urine sam-
ples for the adults from Rongelap and
Ailinginse and from Americans from Rongenik
indicated that at 35 days pest detonation the
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Tabis 3.2.—Summary of Mosme Urine Anslyen, Gesn Sem Acsivisy
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highest activity was in the Rongelap group
(Table 5.2). The \ilinginae group had less
than half that of the Rongelap group, and the
Americans had about one-quarter the activity
of the Rongelap group.

The mean grom betn activity of the urine of
the three groups above was roughly propor-
tional to the external dose ench group received.
However, n comparison of the mean beta ac-
tivaity of the urine of Ailinginae and American
groups indicnted that the latter had s somewhat
lower amount of internal contamination, even
though both groups received about the xame ex-
terual dose.  This iy be accounted for by the
fact that the \ilinginae group drnnk contam-
mated water from open containers und ate con-
taminated food up to the time of evacuation,
whereax the Amerienns mgrested much less con-
tannnnted food and water, since both were
largely <tored v closed contaimers.  Indoetri-
nation of the Americans concerning radiation
Lazards probmbly was also a factor in reducing
the amount of contamimation which they re-
cerved.

The varmtion of gross activity among the
mdividunls in any of the three groups is quite

large (Tables 5.3 and 5.4). This is chiefly the
result of variations in the quantity of water
and both the kind and quantity of food in-
gested. The degree of exposure of the indi-
vidual to air-borme activity is also a factor in
determining the individunl degree of contami-
nation. While there were large variations
among individuals, the day-to-day levels of ac-
tivity for each individual were fairly con-
sistent.

Further information on the source of in-
dividunl variations was obtained by grouping
the individuals from the Rongelap and Ail-
imginae groups according to age { Tables 5.3 and
5.4). While the activity excreied per unit vol-
wine of urine is about the same for both children
el aduits, the mean activity of the urine ex-
ereted 24 hours by children under {5 vesrs
wits signiticantly lower than that excreted by
adults. The data avatlable do not indicate
detimtely whether the lower total excretion
indicates a smnller total body burden in the
children 1esulting from lower inhalation and
ingestion, or whether it represents u higher de-
aree of fixation of the radio-elements by ygrow-
g bone,
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No correlntion wax found between body
weight of the people from Rongelap and the
total activity per 24 hours excreted in their
urine.

(‘rowg beta activity measurements were also
made on the samples sent to NYOO, ALC.*
Their results essentially corroborate the tind-

*Personal communication from fir. J Harfey, NYou,
AEC,

ings by the USNRDIL,, particularly the ratio
of the activities nmong the three groups studied.
The atmolute values of the activity determined
by NYOO-AEC, hov -ver, were lower than
the USNRDL volues Ly a constant {actor.

2. Radiochemical Analysis of the Urine:
Estimate of Rady Bupden. Radiochemical
annlysis of the Rongelap urine samples indi-
cated that the alkaline earth and rare earth
groups together contributed 75 percent of the
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beta activity at 45 days post detonation { Tuble
2.0, The predonmant radionur-lide is Nr*,
which contributes 42 pervent of the total beta
ACLVIEY at this thne.

Arsavn of fissile materml made on pooled
samples of urine were all negntive within ex-
perimental himits,

The early urine snmples anatvzed by the
LASL (collected 10 1ln}:~ post detonation) con-
tained fair amounts of radioiodine o addition
to the alkaline and rare earths.

On the basis of the rndiochenneal nnalysis

of the urine, the bady hurden (the radioisotopic
The
ratio between the activity of the urine and the
amount of 1sotope nxed i the body i required
for this ealeulation,  However, few ratios are
avatlable for the deposition of the various -
dioelements 1n humans, o that it wias necessary
to utithze ratios obtained from animal studies.
Of the anmmais collected on Rongelap, the pg

depoxition in the hissues) was estimated.

wis <elected as the closest to the human in size
A detniled study was there-
fore mude on the excretion of these animals and

and metabolism.




INTERNAL DEFOSITION OF RABIONTUCLIDES

73

Tuble 1.5.—Radischomissl Aaslysis of Urine From the Rongeinp Pouple (43 days puss dossnssion)

famen X

[

Average
Percent of total Beta activity
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TR el
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1 208 S0 130 344
1999 e 12 324
1210 A 150 r
1 480 E Y ) 10 Ly
1200 Y 1) 170 353
1253 528 134 a2

100 42 107 W)

on the radioactive content of various tissuen.
Details of the animal study are presented in a
submequent vection.

The estimate of the mean body burden f the
Rongelap group at %2 days post detonation i
presented in Table 5.6. The bady burden at one
day was calculated in the following manner.
A formula was obtained from urinary excretion
data reparted by Cownn, Farnbee and Love (6)
1 n ease of accidental inhalation of sr*, The
excretion curve was best reprevented by four
exponential terms.  (Very similar results were
obtained by approximating the biological decay
of strontium with x power fundtion, bused on
human excretion of the metabolically similar
element, radium) (6, 7. 4).

Estimates were made of other radioelements

present in spymificant amounts at one day, as
shown in Table 1.6. Thewe estimaten were made
o the basis of the level of Sr= at one day, to-
gether with the data on the activity of the van-
ous fission products at this same time (9) and
winimal isntope abmorption ad retention data
(1. 0).

The LASL hax nlso estimated the body bur-
den at one duy, on the basis of radiochemicsl
nalysis of pooled urine samples from a repre-
sentative number of the Rongelap and Amen:-
can groups (1), Thewe caleulations were hanesd
on the anadysis of 11 in the early saumples of
urine {15 davs post detonation) as well ax the
above mentioned phvsieal and biologieal data
on tission products (1,59, Their findings are
presented 1n Table 6.

Table 5.6.—Mean Body Burden of the Rongelap Group

ACTIVITY v ACTIVITY aT ACTIVITY 4t l
RapMusrrore b '-'"' ! I‘NY 1 :u

CUANRIL fSNKLL CLASL

Nye 01 16 27?2

Ba'e 0 021 27 0 34

Rare -arth group 0 03 12 -

I an thyeod) 0 b3 12

Ru'™ — 0w 03

(a* 0 0 0. 01y

Fixstle material 0 0 0 018 (ugm)

ARITI2 00 54 ®
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On the huuis of an sssumed uptabe of 30 por-
cont per M howrs, the intagrated doss to the
thyveid from ['** and ather shorter-lived dine
intnpes wes calculated by the UNNRDL to be
shout 100 rem. The 1487, hoe aorimand 2532
this desr wes shout 130 rep for Rongelap group
and 3 rep for the \mercana

The differing approaches used by the
UNSNRDL and the LASL for estimating the
body burden gave resuita which, except for
Ra'®, are very close.

The mean body burdens of the individual
nuclides prevented in Table 5.6 were calculated
for the Rongelap group. Values for the
Ailinginse group were approzimately half
thase of the Rongelap group, and values for
Americana, sbout one-fourth those of the
Rongelap group.

The tatal amount of radioactive material
present in tie (i, L. tract at one day post detona-
tion in the members of Group 1 was estimated
as approximiately 3 me. This activity was con-
tributed chiefly by istopex of short radiological
and biological hatf-life and limited solubility.
Thus the levels of netivity in the tissues of the
body were reistively low. The concentration
of radioistopes st 6 months pot detonation
wax barely detectable in the urine of mont ex-
posedd individuals,

laeline, which is quite soluble, s probably
the most hazardous internal mdicemitter in the
early period following exposure (10). The
dome 1o the thyroud wus appreciable, but low
compnred to the partinlly or totally abinting
doses of ' inedd in therapy of hyperthyrosdism
At one day pemt detonntion Ne™
wax cilenlted to be near the maximum per-
miss hle level 13) for this nuchde. At later
times following exposure, this longer-lived tis-
sion prishiect presents the greatest potential in-
ternal hanzand,

The present study confirms the olmervation
nude moanmal experiments that mast of the
rudhonctive clements formed in ission ns well
as the tisstle material itvelf, nre not readily ab-
sorbedd from he Tungs nnd the G. L traet. Only
Lo Se, Ba ane a few of the rare enrth elements
were abmarbed to any sigmibeant degree,

OF CRreinemn.

An attemnpt to measure bone-fined radisartive
emrtters hy means of sennitive Sl hadgen taped
helow the knee, over the epiphysis of the tibm
on s rumbsr of persoma, yiwided ne positive

No correlation could he abtained brt ween the
degree of iternal contamination and the clini-
cal and hematologics! findingn. In view of the
short haif-life of the most sbandant tission
products deponited internally in this situation,
the pomibility that chronic irradiation effects
will occur 15 quite small. Thus, an evaluation
of the data on the internal contamination, in-
cluding that of Sr=, leads to the conciunion that
the internul hazard to the contaminated inhabs-
tants of the Marshall Islands is minimal both
from the acute and the long range point of view.

5.33 Source of Issersal Contaminstios

The fallout material consisted largely of
calcium oside and caicium carbonate. The
timion products were adsorbed mainly on fairly
Iarge purticles. The material was 10 percent
soluble in wuter, and completely soluble in acvd.

Internal depasition of fission products re-
sulted from inhaiation and ingestion of the fall-
out naterial.  Ingestion appears to be the more
important of the two routes of entry into the
body. The activity in the air settles out fairly
rapidly, but contaminated foul, water and
utensils retair: their activity for long penods of
time.

The amount of fission products resching the
blixistrenm through the respiratory tract 1s a
function of jmrticle size and solubility of the
nirborne  contaminants. The particles with
which the activity was assaciated were com-
sidernbly larger than the optimum size for
depuemition 10 the alveolar tiswe of the lung.
Thux, the probability of the retention of inhaled
nirborne contamination was not appreciable
durimg the exposure period.

The hypothesix that ingestion was the chief
source of internal contamination is supported
by the tinding that the gastro-intextinal traet,
its confents, and the liver of antopsied chickens
and pigs sacriticed at early intervals following
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drtention weve mare artive thea the siveolar
e,

The impnrtanre of ingration s 8 OliIGRIRG
mare of ~oataminetion » evidonced by the
lowed af imeerwal —nntesn i IS ol tter " {rom
Rengeinp. Thear animain hod sbaut ten times
the hady hurden of the human popuistion n
the mme lorality. As the air-borne artivity
had alrendy droppesd 10 2 low value at the time
of evacuation of the humana, the contamination
of the pigs during their prolonged stay on the
island necemarily derived from ingestion of
radioactive food and water.

Radioanalysis of water and soil samples from
Rongelap indicated high levels of contamina-
tion from the fallout at early times following
detonation.

It appears that during the firt month a
limited amount of fission products was avail-
able to plants growing on the contaminated
snil. Nignificant amounts of leta activity as
well as samll amountx of alpha sctivity were
present on the external surface of plants at 42
days post detonation. (nly very small amounts
of beta activity and no alpha activity were de-
tected in the wlible portions of fruits such as
pandanus, papayas and coconuts. However,
high levelx of activity were found in the coronut
tree wap, and the sotopic concentration was
very simi'ar to that of water,

High levels of activity were found in fish
taken from Rongelap lagoon. [t appears that
the mmgestion of contaminated water and fish
were the principal sources of internal contami-
nation of human teings. (Of the individual
radionuciides, Sr®, hevause of its high solu-
bility and reintively long radionctive half.life
was prolmbly the isotope of greatest potential
hazard in the environment.

Internal Rudioactive Decontumination T her-
apy. Nince there i1 no method of counternct
ing the effects of radiation from internally de-
posited emitters, treatment consists of remov-
ing the nuchdes from the baody as rapidly as
possible. The ability of ethylene-dianiine-
tetra-ncetic acid (EDTA) to mobilize certain
of the fission products from the <keleton and

te incronss the rate of thetr rxcretinon han pre-
viounly bren dovermmtrotsd 111 13). 1t = wnt
effective with the ram ~wrth greup, bwt hae
no offert an stromtium (13). Theer studies have
souwn (hat et of the brdagnrally hesardous
materinl remeining 1n the bady » firmiy fasd
m hone within a shart time, = thet efertive
syemic derontamination by chemwral agents
can arvur only in a shart period following ex-
posure. Neverthelems, an sttempt to effect n-
ternal derontamination was made 7 weeks pot
detonation, since it would mobilize snd mahe
detertion of isntopes easier, even though it was
resi..... .uat the procedure wonid have limited
value at this time.

A\ representative group of seven individuals
from Rongelap were melected for this study.
During a control period of 5 days, 24-hour urine
smmples were collected daily for radioanalysm
in order (o emtablish a hasal excration rate.
During the next 3 days, calcium EDTA was od-
ministered orally, | gm per 25 lbs of body
weight daily instead of the preferable intra-
venous drp becawe parenteral therapy was not
practical under the circumstances, :

Twenty-four hour urine vamplen were i
lected daily during the trentment periend and
for 5 days following treatment to determine the
eflectivene~ of EIYT.\ in accelerating the ex-
cretion raie ~f the radioelements.

No xuje effects froms the we of EIITA were
obverved.  Blomd counts and blomd premaure re-
mained unchanged throaghout the treatment.

The mean activity of the urine during the
FIYT A trentment perind was 2.0 times the pre-
treatiment activity.  The probability that the
differences oleerved are due to chance s lewn
than 0.01, Thux the oml administration of
EDTA for a period of 3 days beginning 52 days
pemt detonation increased the excretion rate of
internally deposited tision pridducts; but the
over-all effect on decreasing the iwuly burden
was slight, as the excretion rates were very low
at this time.

Summary. The fing instance of internal de-
pomition of mixed fision products 1in humans
occurred as s result of failout following a ther-
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menerisar raypbwien. This internel ~etami-
netion reanitnd fram bath inhalation 2nd 1ngve-
tiom of fatkng wmeterwal.

High irvela of activity were found 1a water
and en the suternsl surfaces of planes. The
mmtneninat ine: ~f tha lnseena] s ! o corediame — Sorits
and vegutables was wmail. (f the individual
radionuciiden, %, hocnune of its high snlubil-
ity and relatively long radioactive half-life was
probebly the ismope of greatest potential has-
ard in the environment.

Few of the fimson products present in the
environment were readily absorbed from the
lungs and the (i. . tract. Radiochemical anal-
yuis of the urine samples from the Rongelap
people indicates that Sr. Ba and the rare earth
group together constituted 75 percent of the
tatal beta activity of the urine at 45 days powt
detonation. Sr™ was the predominant radio-
nuclide at this time, contributing 42 percent of
the total heta nctivity. Awayy for fissile ma-
terial in the pooled urine samples were negntive,

The human body burden of individual rdio-
nuclides was estimated  from  radiochemical
analyvis of the human urine and of tie tiwves
and urine of animsla from Rongelap. The
mean bendy burdens of the radionnelides in the
Milinginae group were approximately one-half
thowe of Rongelap, and the mean bady bur-
denx of the Americuns about one-fourth of the
Rongelap group.  While the activity excreted
per unit volume of urine was the same for adults
Al cloldren from Rongelap, the total aetivity

_excreted in the urine i 24 hours by children

under 15 ve r of age was signmticantly lower
than that exc oted by the adults,

The total amonnt of rmdioactive material 1n
the G. L. teaet at one day pest detonation was
e~tithated to be 3 me in people from Rongelap.
This activity was contributed chietiy by isotopes
of short radiologneal and biologieal half - life
and limited solubility, and thus the levels of -
tvity in the tissues of the oedy were relatively
low.  The concentration of radiosotopes at 6
montths prost detomstion wias barely detectable in
the urine of ment of the exposed individuals,

The estimnted vdose 10 the thyroid from v
and other short hved dodine isotopes was 10

T St Skt s+ oK R s 4

to 15t rep fur Rongelap. lodime i probebly
the mod Seardows internal radioemitter o

eurly time after exposure. The dese to the
thyroud, sithongh greater than tolevance, wae
l-'m'u!dmth p.!lcl!ycldalynb
h:-u‘ s gt §F ured in il iTentmest of
hyperthy rivdinm or carcinoma.

At one day post detonation, the roncentre-
tion of %™ wan calculated to be near the mazi-
mum permbwible level for this nuclide. At
later timen following exposure, this longer-lived
timsion product presenis the greatest potential
internal hazard.

Oral administration of calcium EDTA be-
ginning ¢ weeks post detonation to s represent-
ative group of individuals from Rongelap in-
creased the rate of excretion of activity 2.5
times. lowever, the decrease of the body bur-
den was slight, as the excretion rate was very
low at this time.

Analysis of the internal contamination in-
dicates that the dose to the timmue of the body
was near, but, with exception of the dome to the
thyroid, did not exceed the mazimum permis-
sible dove levels. The activity lixed in the body
decrensed rapidly as a function of time. The
coutribution of the effects of internal contami-
nation to the totul radiation response obeerved
appeanrs to be stuall on the basis of the estimated
body burden of the ridielements.  In view of
the short half-life of the most abundant tission
products i the situation, the possibility that
chronie ireadiation effects will occur 13 small.

5.4 Internal Contamination of
Animals

Tur INTERN Al CoONTAMINATION of & number of
mnimads collected on Rongelup was studied. The
activity in their urine was studied, and radio-
chemienl analyses were made of various tissues.
Theve dnta provided the hasis for estimating
the body burden of the radioisotopes 1 human
beings,  In addition, nematological and patho-
logienl stidies were made. and autorndiographs
of selected tissues were prepared. A number
of the annmals are al~o bemg studied for the

- e
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spprarence of pussible leng term offocts of
redintian.

A\ sprrml study wan carried swt to determine
the efect of the radintion an the fertility of
chichens and the hatchabiinny of thewr eggn.

The aninnbh collerted ham Rongeinp sad

!\..:t o Buecliinl 28 Bl . B b bl b HH

e vom 96es sessonas S ¢ t ssee M4 se.ng ¥ AAmAr® s apes Sy &

wwine, § durks and | cat. Tl-m:ﬁlppd
shve 1o the I'SNRIN. Three finh and one
large clum were taben from the Rongelap ln-
goon.  Collection dates and mortality data fer
these animals are presented in Table 5.7. In
addition, a boar, a eat and two chickens were
autopeied in the field, and representative tissues
were collected.

941 Methods

Tissue samples were taken from all animals
which died spontaneously or were sacrificed.

Spreimens were alisimed fram the lung, hiver,
G. 1. trart and the sbricten. The mmpies were
sshod ot 330° C. in s maflle sven, sad the b
made up o volume with 2 N ML An abest
was thei dried for heta messsrvment. The beta
ﬂmmmw—d-t&

—— B el — o8- . -
Teme -ua-a' \l"vu n.o-' UmeRet. W -an

word as the buste for the man shmrption cor-
rection fur the sampire, = & wos the majer
cuisted is an spprosimation, ss mes sbesrp-
tion is a function of the average energy of the
sample. Beta activity was mensured in total
d, m, and this value wan converted to pr, “Nr™
equivalent.”

The gumma activity of the tisswe samples was
measured in a well-type sodiwm iodide scintil-
lation counter which has an eficiency of about
) percent for a (‘0™ standard. The gamma

Table 3.7.—Mortality sad Exsernal Radistioa Dose of Asimals From the
Living Aress of Roagelep aad L tirik

Samas A ; Agares B Seams ¢ t Senms D | Toras
EIT8BNAL —— T -~ = S e———e— o — - ?—~ -
. M r(Dav s |  merDarm | 0 1(Dav 3 M rDay -
¢ e e e —— - o -~ o — - e e = | Tovar
Dean Sac’'»
ANINALS . : ! ! i . Rar's
Foeas . TovaL . Torar Tirar
Hac'n  DEaP ! fac'p ;“-.’ Deapt Sac's Qo0 Dmaw ; Buc’d | oo, Duss Sar's:!
! i ! !
Hens [ 1 1 » 1 2 n [ S ' r ) 3
Iny® Deym ey & Dey &
' Iy &3 . ]
: ¢ A
LN ]
”
Roosters ] 2 1 1 [} 1
ay ®»
Chicxs v [ ° [
Ducks 4 [ L) )
Iy %
Ples 1 1 7 4 r n H
Iy & ey
B Yew
5T »
2 0
|- ]
Cat 1 1
- 1 .

*Animas trom U itrik. all others from Romsrlsp ( Group [V arve animah rer' 4 32 7 etiornal dese

**{ay Post [ietonation
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aetivity was obtmined tatal d m, snd wes
convorted o pr “C'o” equivalent.”

Sumpies wese snalyesd rediorhemically for
Sc’.h".thr--!hml"‘tﬂhb
material.
M,n‘thﬁr“m&bﬁld*
hour imtervals. The feres and wrine of chirk-

eve weww collocted and sshed combined, but weve
colinteg snd ashed ssparately for the piygm
Reginnmg 5 wesks pnst detonation, the excrets
Manpmiwmdrhkh.nmd
locted at weekly intervals fur a peried of 34

sC'uhp-'Wi-.ndtbmihrﬁ-
was made st weskly intervals for s ¢ week po-

Tabie 3.5.—Radis. homical Aaabysis of Tissuss snd Urins of Pigs From Reagelep e
82nd Dy Pest-Desonstion

BETA ACTIVIVY —O/M/VOTAL SANME
| Onose , o] || e Tovst
pomns 2 e
_ | | |
Pig #34 (35.8 kgm) t ‘ '
Bkeleton (total) . ... .. --. i 8800 . 5680 | 860 1010
liver. I i 31 ' 0. 40 l 0. 33 64
Colon & Contents .. . . .| 12 50 24 O
Lung (Alveolsr) ... . ... LS | o | 0 os
ftomach S i 12 073 | 1 1.3
Intestine (Small) | 13 ' 06 | 0. 50 0. 51
Kidney I 33 . o2l a 42 0.74
Remaining Timeues .. ‘ 680 . ’,
1 1 ‘
{ | !
Total : ' 9630 . 5667 | e85 | 1030
Urine Sample. 24 hr i 13! L 12| 1.8
Pig #25 (72.7 kem) l { | .
Skeieton (total) I 8600 5100 . 530 " 690
Liver S S 27 0.53 0.20 55
Coton & Contenta. . 16 ' 50 l 32 ! 49
Lung (Alveolan) . ; 1.1 ! 0.26 023 ! 0.33
Stomach . 20 0™ | 0.13 | 0.30
Intestine (Small) .. 6 0. 83 0.8 0. 88
Kiduey N 3l 0 4 0.19 ! 0. 52
Remaining tissies “ 720
Total 8870 ST 534 v
Urine Sample, 24 hr o 8.2 44 0. 40 0. 54
7  AUMMARY ) 7
(inoas RETA ACTIVITY REELETON ToraL Booy Unins (24 Hes)
Sr® 82. 0 58 0 69. 0
Ha'v & 8 65 79
Rare Farth 9 7 90 10. 5
;85 735 87. 4

All valuen corrected for decay.
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riol Radwanalvee of the smcreta was per:
farwed in the mme manner ax that of the tisme
mmplon, des-rvhed abore.

3.Q Findings sad lnssrprowtion

Grear (tharrrations. The animals had been
free on the islands. Although mainourished,
they showed no other evidence of disesse.
Autogpmy of two chickens which died during
shipment revesled no pathological findings that
could be associated with rediation.

(n the basis of an assumed 12-hour effective
fallout time, the animals from Roungelap re-

“ceived an integrated external dose of 2M) to
360 r, depending on the date of their collection
(see Table 5.7). The pigs from Utirik received
a calculated doee of 32 r at the time of their
evacuation. The animals all showed extensive
external contaminntion, ranging from 0.5 to
5 mr per hour at 340 dnyx post detonation. This
activity was reduced about 75 percent by a
washing with water alone.

Rudivactivity of Tissuen and Frereta. The
gross betn activity of the pigs at 82 days post

Is J

detonstion wae abowt § we. The dimnbation
of activity in the individual timwes 1» shown
Table 3.5, (ver 9 percent of the beta activiy
was kwalised 10 the kejeton. The highet ac-

HYHY in & soft tuswe wan found in the liver,
whirk hast h--.-' l-vh.nn\...,._.—.-o nl e

. esn Ses o

total iy hurden. The colon contents had the
wecond highest activity for the noft tusuen, about
024 pervent of the total. The alvenlar timue
of the lung had an activity lesa than 0.2 per-
cent of the total activity in the body.

Giross beta and gamma aetivity of the chick-
ens at 74 days post detonation was approsi-
mately 0.2 uc. The grom: activity per body
weight of the chicken is approximately the same
as that of the pig.  The distribution of activity
in the timues of the chicken (Table 5.9) was
very similar to that in the pig. Most respairatory
radio netivity was locnlized in the turbinates,
ns a resitlt of entrapment of the large particles,
which could not penetrate to the alveolar tissue.

The beta activity in the skeleton of chickens
at 160 days dropped to 4 percent of the value at
24 days post detonation, while in the same pe-
riodd the gamma activity dropped to 0.2 pervent

Table 5.9.—Beta and Gamma Activity of Chickens From Roagelap (uc x 10%)

BN 0 Ha~ 92 Hen & Hls - Hew Hs~ 7 Hew ¢
1*ay or Dgare** Yay rar B8 Davy 74 ay ¥7 Dav 12t ravy 138 Iavy tw
irar uuvuu" iray 24 Day M luv 'D nu e, Dav 12 avy 188 Dav 15

Tntt Bava Gawma BETL (iauua Bru (bamma Bnn (hammwa BEra ‘iamma Beva (iamws BE1A (lamws
Tibia TAOD  IRMO niNE 4810 133 ~Ns PAN N33 W 413 a3 =1 LI
Skelrton 11030 55800 11D AMGID 1930 L K i Hm iy L 1) @4 <7 [ 34
Liver 119 b1 353 m 12 T k) 32 - T 138 107 s
(Hezard . 41 i7 Te 3R TR ) i 14 ae
thzzard (content! Vs - 14 s 12 [} 03
roy i * 50 20 T 1232 v3: 43 n
intestine L. and

contents R 0a 00 34 LI Hwo w7 LN J o»
Intestine (%) and

conlents (3] 40 10 L} 84
Pancreas 018 - - - [} D]
ipeen - 10 - DRy -
Kidney [} ) “ 117 90 v 42 100 149 124 [ ] “BD
Lungs <(Alveols: 17 »n a P 0 87 0 0 14 ¢35 sS4 3 ILN 1N |
Traches 0.4 0 10 0.7 37 o e "3
Turbinates 3 N7 11 = 153 Ta

*Calcuiated ustng ratio of gaOmMa activily wkeleton, tibis
**I>ay post detonation
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EPYECTS OF OWINING RABLATION

The revidwnl total buta activity feund in the
twe larger fish st ¢ menthe pest detenation av-
eraged 25 or (Table 5.10). There was, at the
same trme, sbout twioe as much gamma sctivity.
The fish were collscted 36 duys prst detens-

Frem Reaguisp Theee Months Pest Drssnstive

Fus A (38 o)
: L4 Raperwswicas AnsrLrom (PEB-
Oaces AcrovTry, aND Ranm cat) m Ba, S awp Re
| [ Eanw RACTION
; Tovar
' ACTverY Rans
i Bara Ganuwa (Pencany) [ ol Baw | Y., ]
Head .. ._.... .. .. ... | 0568 128 99 383 96 521
Scales+ Fine+ Tail .. ... ¢ 0. 500 0. 58 95 17. 4 9.9 727
Viecern.. ... . . .. . ... .. { 0. 900 123 48. 0 . 4 0.6 %40
Gills. .. ....... ... | 0160 04 TS 139 &7 T4
Remainder of Body. ... ... ' 0596 1. 78 83 45. 2 1.2 436
Tota! © 274 6. 41
|
o S Fom o2 Mo resm oo
(noes ACTIVITY, o (1R088 ACTITVITY, oC
Bera Gamma Bgra Gamua
| - — —_— U S
Head . . . . Q i0t 023 0. 045 0. 017
Scales + Fins + Tail . . 0. 087 0.23 0. 058 0. 084
Viscera. . 1. 820 214 0115 0. 205
Gile ... .. ... 0. 043 0. 08 0. 023 ¢ 011
Skeleton. . . 0 197 0.35 0. 030 0. 070
Muscie .. 0. 151 0 53 0. 038 0. 074
Total . . . 2179 358 ). 301 0. 461
I O cuwm o

ToraL BEYa ACTIVITY —8.4X 09 D

RADIOCREMICAL ANALYES

RADIORLENENT
I
RuI- (L1
(nther
Sr”
B.l.
Rare Eartha |

PERCENT
or Torar
Acnivrey

214
32 4
1l 4
0.
0.
33

-
{
-
¢

4

Samplen cuilected two months post detonation.
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snd the smalysis st ¢ menths represemts omly
radislogical decay. Thus, the resuits are net
directly comparsble to thase obtained frem sm-
mals which were returned alive, and in which
heelagical turnever as well as radiniog-al decay
were operating.

The largest fraction of the grose hets activity
in the fish was contributed by the concentraton
of radicactive material in the viscera. In two
of the fish in which bones and muscle were wep-
arated and analysed, equal amounts of activity
were found in each fraction. However, the
storage of these fish in formaldehyde for 3
months may have permitted the diffusion of
the radicelements from bone to muscle to take
place. Further studies on fresh fish will clarify
this point.

The contamination of the fish in the lagoon
was considerably greater than that of the land
animals studied. As fish form a large staple
item in the diet of the Marshallese, the high
level of contamination i1s important,

At the end of a 2l5-month experimental
period. the excretion by the chickens of both

betn and gamma activity per 24 hours was 3
percent of the value measured at the start at 37
days post detonation (Fig. 5.1).

Analysis of pig excreta indicated a similar
decrease of activity with time. In a 6-week
period, the gamma activity excreted per 24
hours decreased to about 2.5 percent of the ac-
tivity excreted at 44 days post detonation,

The excreta of the pigs from Utirik contained
less than 10 percent of the gross beta activity
found in the excreta of the pigs from Rongelap
at the sume time.  This ratio of 1t was approx-
imately the same ratio found between the ac-
tivity of the food, water and soil samples of the
two locations.

Radiochemical Analysix of Tixvuex and Ex-
creta.  Radiochemical analysis of pig tissues
indicated that 62 percent of the skeletal beta
activity was derived frory Se®, 7 percent from
Ba'*, and 10 percent from the rare earth group
at %2 days post detonation (Table 5.%). The
radioisotopic composition of the urine at this
time was similar to that of the skeleton. The
distribution of activity in the body of the pig

S e oL IR R TSI TOTE.

may represrat the distribution in humena bemgn.
The abasiwte amount of internal contamnstion
in the Rongelap prople wan, however, only o
tenth of that found in the animals.

At ¢ months pest detemstion, the sikaline
ean e compr i v ihan 2 ot of the toatad
activity in the clam (Table 5.10}. The reme
earth growp constituted 13 percent of the total
beta activity. The halance of the activity was
contributed chiefly by Zr** (2! percent) and
Ru!*-* (32 percent). About 5 percent of the
material found in the viscera of the fish was
of the rare earth group. Very small amounts
of strontium snd barium were found. In the
tissues of the fish, strontium, barium and the
rare earths contributed only about 10 percent of
the total activity.

5.43 Autoradiographs

A number of autoradiographs of the tibise
and femurs of | chick, 4 pigs, 1 rooster and 2
chickens were prepared beth at the USNRDL
and at the Argonne National [aboratory
{ANL) to determine the pattern of deposition
of fission products. Contact printing on X-ray
no-screen flm was found to be the most satis-
factory method of preparing the sutoradio-
graphs.  The discussion and conclusions pre-
sented below summarize the tindings reported
by Norris (13).

The autoradiograph of u tibia from a chicken
sacrificed at 45 days post detonntion (Fig. 5.2)
indicated a relatively uniform distribution of
the activity throughout most of the bone, with
the highest concentration of artivity in the area
adjacent to the epiphysis.  This area of high
activity corresponds to an area of dense trabe-
cular bone.

The tibia and femur of x baby chick, which
died spontaneously 47 dave post detonation,
showed the henviest concentration of radioac-
tive material in the diaphysis (Fuz. 5.3). The
end regions of the bone, which were laid down
after the nnimals were removed from the con-
taminated environment, were relatively lacking
inactivity,  The region of greatest activity was
in the dinphysis, which appeared to he ab-

-
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novinally cotmtricted, possibly because of 8 de-
creaved rate of endosteal :exarption.

A tihia from a pig sacrificed 43 days post deto-
nation had an area under the growing epiphysis

free of activity (Fig. 54). As in the chick
described above, this ares corresponds to the
growth which took place after the animal was
removed from the aren of contamination. The
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Ttz 3.2 —Autoradiograph of tidie of chicken secrificed }5 days post-
detonation (ANL).

marrow cavity in this tibia contaimed dense
trabecular bone along its entire length, a forma-
tion not normally found in mammalian bones.
There are also two distinet areas of increased
density in the trabecular region, which appear
as two lines of radioactivity in the autoradio-
graph. The center of the diaphysis was ab-
normally thick, possibly because of a failure of
the normal resorptive process.

N« other evidence of 1 double line of radio-
active deponit appeared in the animals studied,
except possibly in a sow sacriticed 3% days post
exposure (Fig. 5.5). Here a faint deposit of
activity in the trabecular bone is noted, sepa-
rate from the higher level in the epiphysis

Looney (%) has shown that a typical osseous
tissue in trabecular space s a charscteristic
lustopathologieal tinding following radioactive




Fwvse 33 — lutnradiogreph of ti1hia and frwmar of
babdy Ak sacrifieed W days  pual-driometion
TANL

depasition. For enample, clinical studies have
shown that following radium depesition n beas,
stypical emsous tissww is formed i Fonesdlene
home. These formations appear s sreas of in-
crenmsr density in Mentgenagrams (8).

It is dificwit te interpret the amomaly in the
pis. Jdeacribed sbove, and the demss trabscwiar
home in beth the pig and chichen. No normal
controls are available for ison with thess
animalx, and the history of the animals from the
time of exposure to the time of collection is
not known. Severe dietary changes and disease
also produce changes in the pattern of depoei-
tion of osseous tissue, and such changes are often
indistinguishable from changes produced by
exposure to radiation.

S.44 Pachology

Rections of lung, liver and tibia, as well as
thyroid and other endocrine organe of most of
the fowl and pigs dying spontaneously or sac-
rificed, were prepared. A few pathological
changes were found including an aplastic mar-
row inone duck. However, none of the changes
could definitely be ascribed to radiation. Sec-
tions of bone examined by Lisco at the ANL
also indicnted no detectable pathological

changes,
$.45 Egg Production in Chickens

In birds, extraordinary demands are made on
the calctum metabolism in the production of
errer ~hell. It was, therefore, of particular in-
terest to obxerve, during the provess of egy pro-
duction, the metabolism of those internally de-
posited radicelements which are metabolically
simtlar to caleium,

Forty-four dayvs after detonation, a group of
hens from Rongelnp begun laying eggs for the
first time since their collection. During the
next month and a half, 319 eggs were laid by
13 hens.  All of the eggs were normal, except
for two eggw from one hen which were laid
without shells. The shells were compiete,
<«moth and of normal shape. The weights of
the eggy ranged from 30 grams to 64 gramma,
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The gros beta and gamma activities of the
shell, albumen and yolk were measured in the
first 50 eggs obtained, and the gamma activity
of the shell was measured in the remainder of
the oggs. An increasing amount of gamma ac-
tivity appeared in the shells of the first few
eggs laid by each hen. The maximum gamma
activity was usually noted in about the eighth
egg laid. After the activity reached a maxi-
mum value, the subsequent eggs in the series
showed s general decline in activity. Two ex-
amples of this phenomenon are illustrated in
Figure 5.6.

The highest gamma activity found in a sin-
gl cup shell was 68,4 counts per minute,
measured at 80 diays ot detonation. For a
gnmma energy of approximately 1 mev, this fig-
ure corresponds to ).0Tpc. The yolks and al-
bumens had much less activity than the shells,
as was anticipated. The average distribution
of gamma activity in the eggs is given in Table
5.11. The results of the radiochemical analysis
of two eggs are presented in Table 5.12.

The alkaline earths are the principal fission
products depesited in the shell. In the albumen
and volk, the beta uctivity contributed by the
alkaline earths was only a little greater than
that aseociated with the rare earths.

The pattern of deposition of the radioactivity
within the egg was also studied by means of
autoradiographs.  \ weries of ) eggs were
hard boiled, sectioned, and autoradiographs
were prepared of the cut surfaces. Only four
of the volks of these 3 eggs were sufficiently
radionctive to priduce wutorsdiographs (see
Fig. 5.7). Thewe { egge were laid on sucres-
stve duys by the same hen. There 15 3 correla-
tion between the rings of radioactivity in the
volk and thowe of puynnent

The amount of activity removed from the
oy ::f the Ll ken through egy laying is very
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much greater than the amount excreted in the
urine und feces during the period of this study.
Exgg production in the chicken represents s
unique form of natural decontamination.

5.46 PFertilicy sad Hsechability Scudies i
Chickens

Fertility studies on the contaminated chick-
ens were begun 3l months post detonation,
with the mating of hens and roosters and the in-
cubation of the eggs obtained. In the first
clutch of 20 eggs, 4 were hatched. Omne of the
chicks had the crippling slipped-tendon condi-
tion, “congenital perosis,” which 18 not uncom-
mon.  Radicanalysis of the chick tismues indi-
cated that only s barely detectable a'nount of
radicactive material was transferreq (o the
vhick, although the nwther hen had at this time
an appreciable contamination.

In anether Laich sia mewaths post detonation,
43 egyn were ircubated. Of thew . 2» were in-



A study was undertaken to determine the
ability of both sodium EDTA and zirconium
citrate (15) to increase the excretion rate of
internally deposited fission products in the con-
taminated chickens. On the basis of previous
experience, it was not expected that any appre-
cinble decontamination could be effected at the
time of this experiment (4 months following
internal radionctive deposition).

The excretion rates of X chickens with large
body hurdens of internal contaminants were
determined for a period of 4 days as the base
line for the <study. Following this, two chickens
were injected daily 1. I". with 75 mg. sodium
EDTA for four dayse: two received injections
of 70 mg. of zirconium citrate (13), and two
were injected with both zirconium citrate and
sodivm EI'TA. Two chickens were kept as
controls.  The mean beta and gamma activity
excretedd by thewe chickens was determined in-
dividually for each of the treatment days and
for | day following cexsation of trestment.
Negther the zimounum citrate nor the sodium
EDTA alose was edwtive 1n incressing the
axcretion rate 1= reflecte.! by the bets activity

mensuremes  uinde  The comtnned adminis-
teation of zirenpnin, cohate and <abiom EDTA,
however, luubhel ihw sxore’ Ly rute of the beta
ACtivity.  No e tenle cheoge 1 the rate of

3

onsvetion of gamums sstivity wes neted. The
emsstion reto of fevien preduste ot this leng
porind pant contumination wes uss than 8.1 per-
cont pov 3¢ hours. Thum, the enhansemsnt of
the enerwtion rete by the combinstion of sir
ewium citeyte and sodium EDTA did net siy-
nificantly decvense the tetal budy busdem.

54 Semmuy

Studies of saimels provided dets on the
nature and distribution of the radicisctepes m
the tioswes and the escreta. (Over 90 percent of
the activity in the body of aninals was jocalined
in the skeleton. The pattern of deposition of
the fissieon products in the skeleton seen in aute-
radiographs resembles that of the alkaline
earths. Morphological changes which were ob-
served in some of the bones may be the result of
the exposure of the animal to external radiation,
although the effects of sevore dietary changes
and other disense cannot be ruled out.

The alkaline earths Sr® and Ba'* and the
rare earth group together constituted 75 percent
of the gross heta activity in the pig at 82 days
powt detonation. The fish and clam had a much
lower concentration of the alkaline and rare
earths, and a body burden considerably higher
than that of the land animals.

The internal distribution of tission products
in the pig is probably representative of the dis-
tribution th human beings. An estimate of the
human body burden was derived from the data
on pigs.

Studies made on egg production of contami-
nated hens gnve no evidence of any effect of
radiation. The rate of production and the eggs
produced were both normal. The extraordi-
nary ability of fowl to mobilize calcium in shell
formation resuited in the presence of very high
activity in the shells of the ftirst few eggs. The
activity was associated with the tission products
of the alkxline earth group. A\ significant
amount of activity was found in the yolk, and
lesser umounts in the albumen. The removsl
of activity froin the body of chickens by egg
production provides an effective natural de-
contamination process.
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agge preduced by the mating of m
reasters and heus showed ne effort of radiation.
The baby chichs hatched from them egge ere
growing nermally, sud the sweunt of radie-
artivity in their timuss is barely drtortnble.

While the administration of the combination
of sicosnium citrate sad ssdium EDTA w
chornons deubisd the encretion rate of famen
preducts, the rate ot this long time after ex-
pesure wus = low thet the hody hurden was
lictle afforted.

In the 6 menth periad post detonsation neither
sgnificant gros changes nor pathological
changes which could be detinitely ascribed to
rediation were detected in any of the animals.
Gross beta 1 ivity of urine and tissue samples
indicated tl. .: all the animals had significant
internal contamination. The ievel of inter-
nally deposited radivisotopes iu the pigs from
Rongelap was ten times the amonnt in human
beings from this area. The difference in the
amount of internal contamination of the animals
and the huisan beings was the result of the pro-
longed stay of the animals in the contaminated
area. The chickens were found to have the
same concentration of radioisotopic material
per unit of body weight as the pigs.

All of the animals remsining will be obeerved
throughout their lifetime for the possible ap-
pearance of any long term hiological effects re-
sulting. from their exposure to external and in-
ternal radiation.
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6.1 Intreduction

611 Signifcance of she | Masch Sht

The events following the firnt shot detonated
at the Pacific proving grounds in 1964, de-
srribedd in thia report, served to emphasiae new
problems resulting from the ue of atomie
weapons. There different effects, the impor-
tance of which was only vaguely appreciated
before, were brought into sharp focus by the
present episode. In this chapter the medical
problems amnciated with the use of atomic
weapons o nuclear reactor accidents will be
discussed. In particular, the problems aseo-
ciated with large scale fallout, as they were
brought ont in the present experience and as
they may pertain to the thinking and planning
of civil defense, the military and industries em-
ploving nuclear power will be discuseed.  Hu-
man radiation injury resulting from exposure
to fallout and other nuclear radiations will be
described, ax well a~ current thought on the
diagnosis and treatment of the disense states
resulting from expusure to these radiations.

6.12 Extrapolation of the Present Findings w0
More General Situations

It must be emphasized that the large expen-
mental nuclear device, the detonation of which
led to the exposure of hnmman beings to fallont
radiations, was exploded cla 2 to the ground on
a tropical coral atoll under geologne and geo-
graphic conditions that are signiticantly dif-
ferent from most populnted areas of the world.
Each of these conditions, i. e size of weapon,
height of burst, tvpe of terrain, weather con-
ditions, presence or nbsence of water under or
near the burst will obviously influence markedly
the rate nind extent of vontamination by fallout,
and the particle ~ize and chemical nature of the
fallout material. These factors have been dis-
cussed in official releases (1-4).
therefure, that the events observed in the acci-

It follows, .

dent reported hore are net necosmrily typiesl
of potential fallout situations in the future. 1t
in clear, however, that the cardinal efferts to be
expected from fallowt radiationa, as exemplified
by the events desrribed in this report, are clear-
cut amd can be predicted with a reasonable de-
gree of nsurance.

In perticular, this accident has emphasized
the particulate nature of the fallout material
that rendered it visible in many areas. It should
not be inferred that serious fallout will neces-
sarily be visible under other conditions of deto-
nation. Also, the chemical nature of the ma-
terinl (caleium oxide) will be encountered in
only limited arens of the world. Although,
as stated in Chapter 111 the chemical action
of the fallout material was considersd to have
contributed little or none to the effects seen, the
degree of adhesivenews of the material to skin
and hair might be quite different with different
fallout materin’, and in a colder climate where
sweating would be minimal.

6.2 The Effiects of Kiloton Weapons

6.21 Blast sand Thermal Effects

Hefore the problems of fallout asaciated with
megaton wempons ure disenswed in detail, the
medical effects of kiloton weapons will be re-
viewed brietly for contrast.  The effects of such
wenpons lmve been consideresd chiefty in the
context of the nominal or 20 KT weapon deto-
nated high in the sir. (5).  The blast and heat
effects have been treated thoroughly by Ough-
tersen ef al. (6) and little additionsl comment
i~ required here.  Blast and heat accounted for
the vast mnjority of serious casualtiex in the
It should

be pointed out, however, that in cities with more

Hiromhima and Nagnsaki incidents.

sulmtantial dwellings than were present in
s



Jagan. or if partin! shalters are employed, the
pessntnge of cosualtios frem thes mures
wnwbl devesnes ond 4 ool v il rRee-

tian damage weuld inrrvase.

The radiatien hazard in due essentially en-
tirely to the immediate neutron and gamma
radiation from the weapon, and exposure to
these radiations is only 2 matter of seconds in
duration. Fallout is relatively of no signifi-
cance.’ Thun, there in no significant contami-
nation of the skin and, therefore, no beta lesions
of the «kin. Likewive, there is no xignificant
danger of ingestion or inhalation of mdiomctive
material, and hence, no “internal emitter™ prob-
lem.

Both the immedinte gammn and neutron
radiations are highly penetrating and will pro-
duce acute total beddy radiation injury in man.
The ratio of neutron to gniuma my contribu-
tion to the total effective duse at distances of
biological signiticance varies with weapon type.
With most common shielding materils (earth,
concrete), the relative neutron contribution to
the total dore decrensen with passage through
the materials

623 Dependence of Effects oa Circumstances of
Weapoa Detoaation

The effects previonsly described were for a
bigh air bura only. With surface. under-
ground and underwater bursts of kiloton
wenpons, in sddition to blast, hent, and imme-
dinte jonizing rmadintions, serious contamina-
tion from fallout can ocvur.  Its extent would
of courve be lexs than with the “megnton™
wenpon : however, its potentinl seriousness cai-
net be gmored.

*Nirmithant Jevelr of deutron-induced radioactivity
niay he qewent for a shott time near ground sere

6.3 Added Bfecns of Megreoa
Wenpens

63! lovndises Bins, Hest snud Radiscies Effece

Wrrn Tux Masavow Rows, the same prob-
lewm encountered with earlier atomic weap-
ons are alen encountered, only magnified many
timen. The aren of total destruction, instead of
one or two miles in diameter, may extend sev-
eral timex that far. depending upon the sise of
the wenpon. There are hlast, heat and radia-
tion ensunitien as before, and the same problems
of "mmdling mass casunities on an unprece-
dented »cale with minimal or no facilities per-
tain.  In addition, the problem of extensive
fallout is likely to enter.

6.32 Phenomenology of Fallout

Swxaarieaxt Fawoet Rexcum only when the
tire ball of the homb comes in contact with the
surface of the earth. With the high air barse,
radionctivity condenses only on solid particles
from the bomb components itself. and on dust
m the air. The particles are small, are
drewn high into the atmosphere and do not
settle to the enrth for periods of days or even
mounths. 13y the time they rench the earth’s
surface, the njor part of their radioactivity
has been dissipated harmlessly in the atmos-
phere and no <sypgmificant hazard results.  1f,
however, the wenpon is detonated on the surface
or close enotizh <o that the fire ball touches the
surface, then large nmounts of material are
drwn up into the bomb clowd.  Many of the
particles thus formed are henvy enough to de-
scend rapidly while <till intensely radionctive,
The result 1~ a comparatively localized aren of
extreme racdhioactive contanunation and a minch
Inreer arex of some hazard.

The fallout nrea consists in effect, of n larpe
contaminnted plane (except as moditied by
buldings or other structures), emitting alpha,
beta and penetrating gumma rays, It is ap-
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porent that mant of this falleut sren is boyend

the renge of destrurtion by blast ar heat, snd

thus ene n dumiing with casontinily 2 “pure”
bindugral sitmation.

The extent and putentia! sriswmen of fal-
ot was clrarty indicated in ofiirisl refeasss of
the \tomir Encegy Comminsson (1-4). From
thewe statements, the bowmb’s cloud could drop
radienctive ashen in a cigar-shaped snoe showt
290 miles long and 30 to {0 miles wide. There
could be suflicient radioactivity in a downwind
belt showt 140 miles in length and of varying
width up to 20 miles to seriously threaten the
lives of nearly all persons remaining in the ares
for 38 hours and who did not take protective
measures. The sones thus outlined for potential
morbidity and lethality depend obviously om
weapon size, wind and other weather condition,
etc. raums(1) emphasized that possible cas-
malty figures given are for the roraf poasibie sit-
uation. (Casuaities might be reduced greatly in
number because many in the area would take
shelter or evacuate the area. \lso, the pattern
of fallout might be spotty in nature, and thus,
many would eacape exposure. Nevertheless, the
area where potentially werious casuaitien may
result may exceed by orders of magmitude the
relatively small areas for conventional weapons.

6.33 The Effecs of Gamma Radistion From
Fallowt

The gamma radiations are penetrating and,
a8 seen in the Marshallese, produce the same
type of injury produced by the initial radiation
from the conventional wespon. [In the one case
radiation is delivered from a distant source; in
the other from ementially a plane field. In
both situations, penetrating radiation of the
entire hody resuits. Qualitatively, the results
are identical.  Quantitatively (e. g., dore-effect
relationships), there mav be differences due to
mcompletely known and understood differences
in the energy of rmdiation and in dowe rate, and
in the geometry of expomure (wee vec. 8.42). For
these reasons, and for additional reasons to be
wdvanced later, instrument readings of roentgen
dove measiied in air and published dose-efect

tobles for men shouid by wed cnly o o rough
gusde m «anll y entimation.

Far wovber ol agotude ol dus that oy b
cncrauntered i the fall out aree, the fullowing
fguren fur sotal dese for the frst 36 hour poriad,
are quated from chairmas Ntrasem’ relsase (1).
Ton miles downwinsd frem the large devire fived
at the Bikini Atoll on March 1, 1964, within the
test sit2, a total dowe of 5/ roentgens was dr-
livered over & period of 38 hours. The lnrgest
total dose delivered outside the test site was
2,900 r for the same period st the nerth- west
end of Rongelap Atoll sbowt 100 miles from
Bikini. Two other areas in Rongelap 110 and
115 miles from Bikini received 2,000 and 150 ¢
respectively. Another area, 125 miles from
Rikini received 1,000 r over the 38 bn..r period.

Effects that may be expected for given doms
of penetrating radiation given over a fow min-
utes or hours are indicated in Table 6.1 (7). It
is emphasisod that such tables are derived
chiefly from animal data and thws, should
be takem as approximations ouly. Thess
values vary considerably from the British
estimates (%),

Table 6.1.—Effects of Acuse Tomi Body lrradie-
von on Humsa Beings

30r: No easualtiss. No reduction in
| effectivensas.

100r  Two pereent may be casualtics

‘ (nauses and/or vomiting) for
short perwd of 1ime.  No evacu-
stion contempisted No signifh-
cant reduction i effestiveness.

150 ;7 Tweniv-ive percept casuslties in
a lew hourn birst definite re-
duetion in effectiveness. Fifty
pereent of the cassmitios in this
group will have (o be evacuated.

0r Al must he evacusied ss won as
posuble. Fifty percent w:l he
noneflestive.

0 r Approximately JD percert deaths
Al need evacustion immedi-
ately. Al are noneffectives.

450 r Fifty pereent deaths.

Over 850 r lesthal dome. but not necemaardy
for all s »xponed
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With sagaed tothe prabivm of dess rute. thase
= cwatinlly ne diffovence m offert of s given
dum deliversd over 2 fow mrenda, o fow minutes
s fow hon. However, a dume delivesed over
wvernl days or wesks will be much loas effortive
far seme efforts, than will the same doms do-
livered aver & few minuten. Some deta indicate
that the effert of a given total dose derrvases
renghly as the fourth roat of the number of days
aver which the dose is given: thus, a dowe de-
livered over 16 days would be one-half as effer-
tive as the same dose delivered over one day.
These relationships were warked out on animals,
wning the sn-called “rectanguiar™ dowe schedules,
e. g., dones delivered at 2 constant rate. There
are no data available to aid in evaluating ade-
quately the eflect of a constantly changing dose
rate an encountered in a fimion product field.
Alnn, the relationships were worked out using
acute effectn, mich ax Ui-day mortality and it is
nt at all certain how closely they apply to
longer-range effectx such as cancer production,
shortening of life span, etc. (ienetic effecta
apparently are dependent on total dome and
show little or no dependence on dose rate.

6.34 The Effects of Beta Radistion From Fallowt

Fxtensive beta lexions from falloat in human
beingx had 1t been encountered previously.
As describest in Chapter 111, the lesions, both
climieatly amd  histologrically, were consistent
with pr.vious data on experimental human and
animal beta ray burnx,

Neveral points should he made regarding the
beta lesions from fallont radiations.  Beta le-
sionw of the skin and depilation can oevur in
the abrence of lethal dosex of yamima rays and
can he werioux.  Thus steps should be taken to
prevent them.  And it would appear that, with
reasonable precautions they can be prevented, or
At leaxt markedly reduced in severity.  Contact
of the fallout with the ~kin ean be prevented by
remaining witiiin ~uitable shelter or by wear
ing ondinary clothing. I expesure cannat be
prevented, early and complete decontanmination
of the <kin and hair would prevent or lewer the
wverity of the lesions.  Particular attention
<houild be g1iven to the hair beenwe of the like-

T
haw » contaminsted, snd ¥ cannst be clsansed
pramptly by washing, chpping or shaving
should net be doluyed.

63 The Nas o lnswenl Emismm Prem
Pellow

The fallowt material can be inhaled or m-
geaterd and it will, of course, contaminate ex-
pomed food or water supplies. Thus, as with
beta burns the possibility of & hazard from this
source is pemsible. As with the beta burma,
however, the problem may not be too seriows
and relatively simple measures will aid in min-
mizing exposure. The particle sizes of the
fallout material probably will exceed the opti-
mal size f.r a major inhalation hazsard. From
data on the Marshalleae exponed to fallowt, it 1s
ween that the degree of internal hazard in the
expomes] peronns was smail. This is encourng-
ing, since these perople lived in a reiatively prim-
itive state where maximum probability of con-
tamination of fod and water sapplies exinted.
If the hazard was minimum under thome con-
ditionn, it should be even less under conditions
of modern American living. With all of the
testing of nuclenr devices in Nevada and else-
where. the level of strontium, the mest impor-
tant tiwwn product as far as internal hazard
18 concerned, iy still only about 1/1000 of the
permissible berdy burden as recommended by the
National Committee on Radiation Protection in
National Bureau of Standands Handbook 52,
for idustrial workers (9).

The problem ~hould not be neglected, how-
ever. The effects of internally depoxited radio-
active materials may not become apparent for
many vears and. thux, the problem in the Mar-
shalleve will not be fully evaluated for vears.
Every possible precaution agninst inhaling ra-
dionctive naterial, or of ingesting contaminasemd
foud and water shoukl be taken. (ias masks
that eficiently remove timion product particles
from the air ure available and even a wet cloth
over the face ix of considersble value for this
purpewe. Sprinkling of an ares i« eflective 1n
recdicing the amount of duse 1in the air.  Main
water, or wmp atul water will remove 2 large

— I A W e o
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srepertion of contaminent frem e emedoscc
That re asining is frmly finsd sad is net libely
te bocen re sirborne eanily. 1f & personnel decon-
taminstion conter is established, it should be
relatively mobile and isolated from more per-
manent buildings where definitive care is given.
This stesns from the fact that contamination
can only be transferred, not destroyed, and the
decontamination ares is likely to beconse quite
“hot” in a relatively short time. Tinned goods
can be eatem with complete safety and it is
highly unlikely that city waser systems outside
the area of blast damage will be contaminuted
soon after a burst. Omne thing appears to be
certain—any effects from internal radiation will
be long range and =] be of no concern in the
scute period. Total body radiation from
gamma rays, and skin irradistion from beta
emitters will be the chief radiological concern
at early times following an explosion.

6.36 Evasive Action; Prosectioa From Fallout

Some warning of possible fallout will be
available and the falling radio-active material
may actually be visible. s stated, the pattern
of fallout will depend on wind velocities and
other weather conditions, and the pattern is thus
difficult to predict under the best of circum-
stances. However, it will be apparent that in
closer-in arens, fallout may not occur for sev-
ernl minutes after the blast and this period may
extend to several hours at greater distances and
with siower wind velocities.  Thus, there is some
time for evasive action. Consideration might
be given to evacuating the area if possible fall-
out patterns have been investigated and are be-
lieved to be predictable.  Or it may be possible
to take shelter. Suflicient time probably would
be available to allow relatively complete prepa-
ration for an extended stay in adequate <helters
with storing of sufticient food and water to
allow some wdvantage to be tuken of the dee ay
of tission product radiation with safer evacua-
tion of an aren 1 few duvs ufter the fallout.
Facilitiex may., for the mo~ part, be ementinlly
intact, such as water, jower, fire highting equip.
ment, etc.  ln this wnse, 1t leust, one 1=~ im-

Samsuisiiy switer off than withis the srea of
blast and thermal demage.

With regurd to eflectiveness of shelters in the
fallowt area, the following estimates have besa
reieased. .\ frame howse would reduce the total
dose received by one-hailf, and a brick or con-
crete structure would be more effective. A
basement would redure the total exposure to
one-tenth of its vaiue. In a shelter of thickness
equivalent to three feet of earth, the dose would
be reduced to one five-thousandth of its value,
aflording complete prutection in the most heav-
ily contaminated areas.

It should also be noted, on the other hand,
that while the decay of fimion product radia-
tions is extremely rapid over the first few min-
utes after detonation, the rate of decay becomes
considerably lems rapid in the succeeding hours
(2). Thus, with fallout occurring some hours
after the biast, if adequate shelter is not avail-
able, earlier evacuation may be better than re-
lying on partial shelter and on rapid decay of
the radiation field. Starting at 1 hour after
the blast, n given dose rate will fall to about
44 percent of 1t3 value by 1 hour later. How-
ever, ut 10 hours after the blast, a given dowe
rate will fall by only 11 percent of its value in
s period of | hour, e. g., the dose rate at {1 hours
will be ¥9 percent of what it was at 10 hours.
Such statements as “more than ) percent of
the radiation dose from atomic debris will be
delivered within 10 hours of the explosion time™
are true only if fallout occurs immediately after
the detonation. [f the maximum fallout and
thus maximum exposure rates in a fallout area
have not occurred for several houry, the rate
of fallout 1n the area obviously will not be as
rapid as it would be for enrlier fallont material.

6.4 Esumation of the Severity of Ex-
posure to Gamma Radiation

6.41 Predictions From Physical Estimsees of Dose

If the aleolute wnsitivity of man to radia-
tion were kuown, and 1f 1t were feasible to de-
ternnne the diee 1 groups under catast mphe
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e made. However, the jenbions weadves b oh
cutimation of dave rececvved by the b udmed
prewent rval practual dilirsitws. (t » prab
shie the! dom estimates will be avaslable frem
donimetry devicen or from dese contewr Hmee
and the position of the individual durning ex-
posure. Nome of the difficultien of reiyving
heavily on dose entimates are chvinnn. The ex-
act position of the individual and the degree of
shiekling will not be known precisely. The
domimetry device rerords the dose or & dose rate
which may not reflect accurately because of
shiekding, energy dependence of the device, ete,,
the deponition of energy within the individuals
at the site of interest, namely bone marrow and
gastrointestinal - tract. More important, be-
cause of individual differences in sensitivity,
individuals expored to the same measured done
may differ widely in their responses. Thus,
estimates of dore calculated from dose rates or
derived from an integrating dosimeter or from
position of an individual during exposure can-
not he accepted ax the het index of the probable
fate of an individual, or as the final index to
therapy, triage or prognosis.  Since the syn-
dromes of radiation injury have varying symp-
toms and are done dependent, the symptomology
I8 in sense, a personal indicator of one’s fate.
Experience with human radiation injury at
Hiroshima, Nagnuaki, with reactor and critical
asembly accidents and the fallout ac ident de-
scribed herein strongly suggest that the hewt
methad for etimating the seriousness of ex-
posure at the individual level is the sympto-
matic approach.  As with any disease, an ac-
curate appraisal of the patient’s condition re-
sults only from a thorough evaluation of the
lustory, physieal and laboratory examination
(vee Nection 8.53 helow).

6.42 lafluence of Geometry of Exposure on the
Effective Dose; LD.. for Maa

The inftuence of the gronwtry of expomsure on
the eflmctive dime 1= divussemd 10 Chapter 1, and

Hhe smvinrensad leehol dome e s o Clapter $V
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e rape! - an Sherh the 1atal dose reverved] by
w W butve s abuinted were mewared
k= nr e s rase S fen shove the grom:wl war-
fore  Re row of the planer genmetry of ex.
p—nm-llbwdtbohm.ﬁwth'n
mranared e iate, the dose rate at the conter
of the by wouki he grester thar, for the ame
deme rate from s high energy X -ray wourre,
measured in air ot the prosimal skin serface.
The effects of fallout gumma rediation would
thus he expected to he greater, for the same done
mensured in sir, than would laborstory radis-
tions.

The high initial incidence of naunsea, vomiting
and diarrhen in the high-exposare Marshallese
group, and the profound neutrophile and plate-
let count depression indicated » grester effect
than might have been expected from 175 r m
the laboratory, in keeping with the shove. As
indicnted in Chapter IV, from this value for
the (kwe received, and from the degree of leuko-
cyte deprewion it is pomible to estimate the dove
at which 4 small incidence of mortality would
have resulted without treatment. These con-
siderntions woukl place the threshold for mor-
tality at approximately 225 r, and the LD, at
approximately 3 r for fallout gamma radia-
tion. [t i< alwo clear from the above consider-
ations, that a figure for an LI), for man,
independent of the condition of exposure is
exentially menningless.

The LD figure of ;3540 ¢ is below the value of
HW or 450 r commonly quoted (7). \ recent
re-evaluation of the Japanewe Nagasaki and
Hirvmhima bombing data has resulted in a fig-
ure well xbave the 300 or 450 r value for the
immedinte radiation from the bomb.  The error
in this figure, ax well as that pbtaired frgp the
Marshullese dats, is very great. Hovever. the
profound hematological effects seen in the
Marshailes woulll argue strongly for lowering,
o at least not pasing, the current LIL edta-
tinte~ for ¢ovil defense aml other planning, this
particulariy under cimumstaneces where fallot
P vhiations may be expeted to be the chief
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HUMAN RABLATION INJORY 101

6.3 Radimien as 2 Pusc
tien «f Type of Exposure, Dose
asnd Time Afocr Exposure

€51 BfSecm of Superfcial, Penstrating sad In-
wraal Radistions

Badistion injuries can be divided into thres
gomoral clusses:

s. The syndromes of whole body radiation
n]-'y which are produced by penetrating ion-
izsing radiation, and which are doss dependent.

b. Superficial radiation burne produced by
soft rediations (beta and low energy X- or
gemma radiations).

¢. Radiation injury produced by the deposi-
tion of radionuclides within the body. The
clinical picture varies with the site and amoant
of depesition.

Each of the sbove is associated with an early
phase in which acute symptoms and signs may
be obeerved, and a late phase in which chronic
changes or manifestations such as cancer may
be cbeerved. Alse, the degree of injury is pro-
portioned to dose. Particularly in Class s,
total-body irradiation, the disease entity seem
is highly dependent on doee.

652 The Syadromes From Total Body Peme-
trating Radistions

The dose-dependent syndromes resulting
from total-body exposure in the mammal have
been described in detail (10-13) and need only
be summarized here. After large doses (ap-
proximately 6,000 r or more®) the central nere-
ous systrm symdrome (UN3) is produced
(10). Death may occur unde; the beam after
some hours, and s preceded by hyperexcita-
bility, ataxia, respiratory distress, and inter-
mittent stupor. [oses capable of producing
this syndrome are always uniformly fatal. If
an occasional animal survives this CNS he has
vet 10 experence the gastrointeatinal <ynd rme
{GINY, (10, 12) which when produced by dowes

*rpuries varigtion.

in excom of 1300 r s always fatal within -0
days.®® The GIS is so named becsuse of the
marked nausea, vomiting, diarrhes, and dene-
dation of the small bowel mecosa. The GIS is
a uniformly fatal syndreme in most laborasory
animals. If the short duration GIS of a few
hmndoumtpnﬂmth“daydeﬁh.tho
sarvivors of this syndroms have yet to experr
ence the sequeise of bons marrow depression
which has besm termed the Aemopesetic syn-
drome (HS). The HS is not necessarily fatsi.
It is the clinical picture that is sesn in the
lethal range for all mammails and in general
the 1.y, valwes reported represent the LD, for
the sequela of hemopoietic depression—granu-
locytopenia and depre=sed defenses agninst in-
fection, thrombopenia, and anemia with the pos-
sible resulting infections, diffuse purpurw, and
hyposzis due to anemis, any of which may be
fatal. More detailed descriptions of the path-
ogenesis of these phenomena have besn pub-
lished (10-16).

The above picture of radistion syndromes is
based on animal experimentation: howevee,
human experience (6, 17-22) has indicated that

n probably corresponds quite closely to the
general mammalian response outlined sbove
with the exception of some differences in time
of occurrence. The ('NS apparently was not
observed by the Japanese at Hirnshima and
Nagasaki (21, 22) nor would one expect it o
be obswerved since doses to produce this syn-
drome were well within the area of total d. -
struction. The (IS with deaths in the 1st
week are well documented clinically and patho-
logncally a8 are deaths from the HS (8, 1K,
21, 22). However, in the case of man, deaths
from infection were most prevalent in the 2d
to #h weeks (maximum incidence during id
week ) and from hemorrhagic phenomena in the
3d to tth weeks (muximum incidence in 4th
week). In the Japanewe, after the bombing of
Hiroshismia aikd Nagnraki, deaths from radis
tioni mjury were accurting as Inte an the Tth

**There are o wa and strain varintions The 34
day deaths are oust pressient o dugs. rate rod nee
T u days sre wen. Hebes pigs sad
hamstrrn sorviee 6% days.
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wesh. This is in contrust o other mammels
where deaths frem the scute phase are wacom-
man after the 30th day.

€55 Peshubiliey of Survivel eo Relewd
Sysapeoms

Heaon, individeals exposed in the lethel
range ( where soms, but not all, will die in the
fisnt several weeks following exposure) can be
divided according te symptoms and signs, inte
groups having a different prognosis. Thus
they may be divided inte three groups in which
survival is, respectively, improdebls, pessible,
and prebdedle. It will be apparent that there is
no sharp line of demarcation among the groupa.

Growp 1.—Swrvivel imprebeble
If vomiting occurs promptly or within »
few hours and continues and is followed in
rapid succession by prostration, diarrhea,
anorexia, fever, the prognosis is grave;
death will almost definitely occur in 100
percent of the individuals within the 1st
week. There is no known therapy for thess
peopile; accordingly, in s catastrophe, at-
tention should be devoted principally to
others for whom there is some hope.
Group 2.—Nurvival poasible :

Vomiting may occur e.rlv but will be of
relatively short duration follc<sed by a
period of well-being. In this period of
well-being marked changes are taking place
in the hemopaoietic tissues. [.ymphocytes
are profoundly depressed within hours and
remain o for months. The neutrophile
count 18 deprewed to low levels, the degree
and time of maximum depression depend-
ing upon the dose. Nigms of infection may
be seen when the total neutrophile count
has reached virtually zero (7-9 days). The
platelet count may reach very low levels
after 2 weeks. KExternal evidence of bleed-
ing may occur within 2 or 4 weeks. This
group represents the lethal dose range in
the classical pharmacologic sense. In the
higher exposure groups of this category
the latent period iasts from 1 to 3 weeks

-io A dad PIURNINTY

with little clinical svidenes of mjuries ot | or
than slight fatigws. At the termination of
the latent period, the patient may develop
purpura, epilation, oral and cutaneows
lesions, infections of wounds or burns,
diarrhea, and melona. The mertality will
be significamt. With therepy the servival
time can be expected to be prelonged and
if mafficiont time is provided for bome mer-
row regeseration the survival rats will be
increased.

In groups 1 and 2 the blood picture is not as
well documented as in group 3.  There are goed
clinical reasons to believe that in the lethal
range the granulocyte depressions will be
marked and below 1,000 per mn* during the
3d week. (Good cbssrvations in Japam (31,
22) confirm this contention. However, in the
sublethal range it takes much longer for the
granulocyte count and platelet count of mea
to reach minimal values, ss compared to other
mamnials (see Chapter IV and reference 10).
Despite the chaotic conditions that existed ir
Hiroshima, the data of Kikuchi and Wakisaka
(22) shows that there was a more rapid and
marked decrease in Groups 1 and 2 than in
(iroup 3.

Group 3.—Nwrviral probeble:
This group consists of individuals who may
or may not hive had fleeting nauses and
vomiting on the day of exposure. In this
group there is no further evidence of ef-
fectr of the exposure except the hema-
tologic changes that can be detected by
verinl studies of the blood with particular
reference to lympiiocytes and platelets.
The Ivimmphocytes reach low levels early,
within 4% hours, and may show little evi-
dence of recovery for many months after
exposure. The granulocytes may show
some depression during the second »nd
third week. However, considerable vana-
tion is encountered. .\ iate fall in the
granulocytes during the 6th or Tth week
may occur and should be watched for.
Platelet counts reach the lowest on approx-
imiately the 3th day at the time when




6.6 Reistive Hazards of Beta and
Gamma Radistioa From Fallout

Coxmtwm» Bera Buraws to the skin and whole
body ganima radistion injury can be sustained,
as in the present experience. However, situa-
tions may occur following fallout in which
prompt evacuation from the srea would limit
the whole body dose to minimal levels, but in
which delay in decontamination of the skin
would permit severe radiation burns. The re-
verse situation is r % only conceivable but oc-
curred to a limited extent in the Marshallese
and Americans. Thowe, who were inside, and
or completely clothed, received practically no
skin burns but received apparently the same
degree of whole body radiation. Ome might
also be exposed in the open, decontaminated
promuptly and then enter a shelter because of
deluy in exacuation. [nder these circum-
stances, one would receive predominantly
whole body radiation injury.

In the course of the present accident the pres-
ence of some open skin burns did not seem to
exert a deleterious influence on the spontaneous
course of the hematologic depression. How-
ever, with more wevere degrees of hematologic

ply problem. .Antibiotics will be regquired in
large amounts to combat the infection that
plays s large role in morbidity and mortality
among irradiated individwala, and blood,
plasma and other intravenows fiuids will be re-

all clinien) conditions, when clinical and labo-
ratory findings (if laboratory work is pos«ible)
indicate their need. Any marked prophylactic
value of thesr agents has not been demonstrated,
and considerations of probable short supply in
the face of overwhelming demand would mili-
tate against their use in the absence of clear
clinical indications. There are no drugs spe-
cific for radiation injury in man. Considerable
progress has been made in developing agents
effective in animals if given pri-~to irradiation.

Of great experimental interest in post ex-
posure therapy has been the development of
effective therapy by iniection of splenic and
hone marrow nreparatious. However, the ex-
treme lability and genetic specificity of these
preparations indicates that these agents may
never be of practical value. In addition sub-
stitution therapy by transfusion of separated
platelets and neutrophiles to combat hemor-
rhage and infection is of experimental interest
but st present techniques are not sufficiently
developed to warrant consideration of stock-
piling.

There are no specific drugs for the treatment
of beta lesions of the skin. (areful cleanli-
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nom shoudd be shusrved snd biand, watersaluble
iutions may be applisd. Infertions should be
trvented with antibiotics es may be indicated

A similar situstion pertaing with regard to
ing agents and chemical compounds sech s

. EDTA® and zirconiem citrate have shown com-

siderable promise in animals both in preventing
deposition of certain of the fiesion products in
the bones and in accelerating their removal
following deposition. The earlier these com-
pounds are given following exposure, the more
eflective they are. ' However, as indicated above,
it in doubtful that the need for such agents in
the acute period following an attack wouid be
great,

The following additional suggestions regard-
ing the care of bomb casualties are submitted
for consideration. Although civil defense or-
ganizations in general have made great strides,
it in apparent that even with a well-integrated
plan some degree of chaos will be present and
early aid to many victims will not be forth-
coming. Hence, the importance of self-aid and
mutual-nid  in effecting survival must be
stressed.  Doctors and medical facilities of any
kind will be in criticnl short supply ; thus, train-
ing of Jay individuals in more definitive treat-
ment, rather than only first aid, deserves care-
ful considerstion. Since acvurate prediction of
where a bomb will fall is impossible, central
civil defense orgmnization in critical target
arens should be augmented by a “cellular™ plan,
a plan of geographical units within the area
that are ewentially seif-suficient in terms of
supplies and communications, and which can
render aid to other cells damuged by the bomb.
Thinking in terms of daniage within a target
aren adequately handled by the facilities of the
region must be replaced with consideration of
poible complete immobilization of facilities,
with resultant dependence on adjacent non-
affected regions for nid.

*ut Mo .at of ethriene diamine tetrascetic acid.

6.8 Powasinl Loag Term Riers

Twz Lowe Tumm effects of radiation on man
have been the smbject of an exhaustive survey
by panels convened by the National Academy
of Sciences (98, 27). Accordingly theve is ne
need to review the subject in detail. The effects
sre doss dependent. The quaatitative rels-
tionship of dose to effect in man is not weil
known. The following qualitative long term
effects have been observed in mu'ndr
1) Shortening of life span
2) Increased incidence of mutations
3) Increased incidence of lenkemia and other
benign and malignant tumors
4) Cataracts
5) Cardiovascular renal diseases
6) Sterility or lowered fertility
7) Impaired growth rate
In some of the survivors from the atomic
bombs at Hiroshima and Nagasaki the follow-
ir ¢ have been definitely observed :
1) Cataracts
2) Leukemia
1) Impaired growth patterns in some children
Intensive study of the exposed population at
Hiroshima and Nagasaki is a continuing activ-
ity of the Atomic Bomb ("asuaity Commission
as is the study f the Marshallese who were ex-
posed to fallout. In the absence of quantitative
dose response data for man, it is impossible to
prognosticate, with certainty, what, if anything,
will develop in the exposed Marshallese. All
of the phenomena enumerated above that have
heen obeerved in unim~1< are heing searched for
by the medical team, that has undertaken the
continuing care and study of the Marshallese
on behalf of the Atomic Fnergy Commission.
Annual studies are being performed and will be
reported upon at regular intervals.

6.9 Summary and Conclusions

ArTuoveH Tur Fixoives in human beings ex-
posed to fallout radiations in the spring, 1954
Pacific tield tests cnnnat be carried over exactly
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megaton bomb will be essentially similar.
With the larger weapon, of course, the areas
of damage are much larger and, thus, the
sumbers of caswalties with mechanical,
thermal, or radiation injury are greatly in-
creased.

In addition, with large weapona, an area of
fallout can extend for thousands of square
miles beyond the range of thermal and blast
injury, resulting in gamma irradiation, bets
irradiation of the skin and a potential in-
ternal hazard in the absence of blast or
thermal injury. Serious fallout can occur
several hours after detonation and at con-
sidersble distances. At this late time, the
early, very steep fall in dose rate has already
occurred and the dose rate falls off at a much
slower rate. There may be adequate time
for countermessures and early evacuation
or other effective evasive action will reduce
by a large amount the total doee received.
The gamma radiation is by far the most
serious hazard in the fallout area. It is
penetrating, and exposure can result in the
same acuvte radiation injury observed in the
Japanese at Hiroshima and Nagasaki. The
quantitative dose-etfect relationships may be
altered Lecause of dose rate and other differ-
ences bet ween the two types of exposure.
Beta radiation of the skin from fallout
definitely can be a problem in the nheence of
lethal doses of associated gamma radiation.
Although late in appearing, the skin lesions
may be sufficiently serious to result in a
“casualty”.  Of equal importance, however,
in the consideration of the effectivenems of
rather simple countermeasures in preventing
the lesions. The lesions appurently resuit

meinly fram nstorial dopesited divertly oo
the skin, although bota redintion frem the
growad, building, or even clothes mmy con-
tribute to s wnall dugree. Thas, shelter
within & building, covering expossd wkim
aress with clothing sad early skin and hair
decontamination would go far toward pre-
venting this hasard.

Some degree of internal contamination will
occur in persons exposed to fallout. The
amounts deposited in the body, however, will
be relatively small. It appears certain that
no contribution to the acute medical picture
seen will result from this cause. It appears
also, although data are incomplete, that
little or no long-term hazard is likely to
result from this causs, particularly if
reasonable precautions are taken to avoid
excessive inhalation or ingestion of the ma-
terial. The acute medical problems in the
fallout area will be concerned principaily
with total-body gamma exposure ; some with
beta irradiation of the skin.

5)
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